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READER 


H E Clavis Mathematica of 
Mr, William Ougbtred, is a 
Book of fo eſtabliſhed a Repinari- 
on, that it were needleſs to fay a- 
ny thing thereof, It was former- 
ly Tranſlated by Dr. Wood into 

li ; bur an Edition 
which has been ſince much better- 
ed and augmented; and beljdes, 
the conciſe Brevity of the Authar 
is ſuch, as in many places to need 
an Explication, to render it Intel- | 
ligible co the leſs knowing in 
Mathematical maxters, This Tean- 


> Cation, 


- — 


To the Reader. 

{lation is New and from the fulleſt 
Edition, and may be of good Uſe 
to all Beginners in the Analytical 
Att, eſpecially to ſuch, who tho 
they may be Ignorant of the Latin 
Tongue, may yet be deſirous to 
infarm- themſelves in Geomerry-: 
”. all ſueh I recommend it as 
a very uſeful Treatiſe. 
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ERRATA. 


AGE 3- Line 9. for x read K- line. $1 idem. 

P. 4 Sect+ 9. more or mo. r. plus or ph [ects 10, 

for: /eſs or le, r. mitus or wi. p. 4: line 29. 
r. accommodate. Þ. 26: 1» 5. for Za I, Z-o,.p. 46 
L. 11.for AA. r. AC. p. 65. 1. 21, for vqq &. rc4. 
Pp» 86, 1. 29. for Wherefae r. Therefore. | p. 110, 
|. 6, for injerting t. inverting. p. 111, L 9. for x 
[ —. I 2orl > 
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M OUGHTREDSis 


KEY of the 
MA THEMATICKS, 
WITH 
NP TES 
CHAP. I. 


Of NOTATION. 


I, HE following Table is very 
uſeful, not only with reſpe& to 
the Notation of Numbers, 
which it does at firſt fight exhi- 

bit ; but alſo all Computation by Numbers, 

Common, and Figurate, and alſo Artificial, 

which are called Logarichms. 

B Integers. 
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Integers. Fractions; 
$1876|5431210 121345167819 
MIMMM|MMM|CX 1 | XC|MMM|MMM|M\ co 
MIMMMICXI — IX C|IMMM|M : 
MICX 1 | 1 xcM 


2. In this Table the upper Numbers are 
Indexes or Exponents of the lower, which 
are Terms in continual proportion from U- 
nity on both ſides; and are in Integers, or 
whole Numbers, affirmative , in Parts, or 
Fractions negative. And the proportion is 
decuple towards the leſt hand, and ſubdecu- 
ple towards the right; as the ſubſcribed nume» 
ral Letters doſhew. The Progreflion, 1 ſay, 
is from Unity in Itegers, ſuch as this, r, 10, 
100, 1000, Icooo: and in Decimal Parts, 
as, I, Tos 5 563 To 59 Tov Oc. 

3. And after this manner, in any Progrel- 
fion, Indexes are to be ſet to the terms in- 
creaſing or decreaſing from Unity in any 
Ratio or Proportion. 

4. have indeed formed this Table in de- 
Cuple proportion, that the value of any Num- 
bers may be eſtimated by Steps and Periods; 
and alſo becauſe this Decimal way of rec- 
koning is much eaſter that that ſexagenary 
way (or by 60's) in Aſtronomical Compu- 
tations, This he was ſenſible of, who firſt 
reduced 
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reduced the Canon of Sines from the Semi- 
diameter of 60 to 1, with noughts an- 
nexed, 

5. Decimal Parts are written in the ſame 
line with Integers ; but are diſtinguiſhed by 
a retangular line; which is therefore called 
the Separating Line. And as in Integers e- 
very term 1s increaſed by a continual Multi- 

lication by X; according to its diſtance from 

nity. So in the Parts, every Term 1s di- 
ſtinguiſhed by a Diviſion, by the | mar of 
a continual Multiplication of Xfirlt upon U- 
nity , and then upon each thus reſulting 
Term, according to its diſtance from Unity, 
denoted by the Index or Exponent. 

6. Decimal Parts take their denomination 
from the place of their laſt Figure, as 0 | 5 


are five tenths, o | 56 are fifty fix hundredehs, 


and ſo onwards. 


7. Circles or Noughts before Integers or 
after Decimals {1gniftie nothing ; but after 
Integers and before Decimals, they ſhew us 
the diſtance of a Figure from Unity either 
way, according to which we are to judge of 
its value, as 0205 ſignifhie no more than 5 ; 
and 0| 50o are hive tenths. 


8. Wherefore in writing Decimal Parts, 
let the Separating line be always made, 
B 2 and 
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and the empty places, if there be any, befil- 
led with Noughts, as © | 00005 are hve hun- 


dred thouſandth Parts, 

9. The Sign of Addition is + more, or 
m0. /+ ſig or Cl. 

10. The Sign of Subſtration is — leſs, 
or le. minus 046 ma, 

11, The Sign belongs to the Quantity be 
fore which it is placed. And a Quantity 
with no Sign muſt be underſtood to be af- 
firmative, or to have the Sign +, although 
it be not expreſſed 

12. And obſerve, That I uſe the Signs + 
and — when one ſingle Magnitude is affirm- 
ed or denied of another ſingle Magnitude ; 
but che Signs - and i. when a compoun- 
ded Magnitude or c_ is affirmed or 

- denied of a fingle, or a fingle of a com- 
pounded. 


13. Quantities may be denoted either by 
Numbers that ſhhgnifie their meaſure or by 
Symbols; as a line 5 Inches long by 5 or by 
a Letter, as A, or B, or C, &#. or by two 
Letters ſet at each end of the Line, AB, BC, 
CD,&c. at plealure; ſo that you remember 

for what Quantity every Symbol ſtands. 
14 This Symbolical Arithmetick is much 
# ec omeda{MOTe ecapmogats to Analyticks (in which 
' © © you take that which is ſought after as if al- 
ready 
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5 
ready known , and fo find, a_— 
the Rules of that Art, what it really is) than 
Numerous Arithmetick : inthe laſt the Num- 
bers do ſo ſweep away one another, that 
there remain no footſteps of the ſeveral O- 
perations: inthe former the Symbols remain 
without any Alteration, and you may not 
only with pleaſure view every ſtep in the 
whole proceſs, but you alſo gain Theorem 
for the ſolution of the like Queſtions in other 
Quantities; 


NOTES. 


I. In the fifteenth Chapter you may ſee what 
he means by a Figurate Number. 

2. The Progreflion is decuple] i.e. Is it 
you multiply each preceding Term by 10 to pro- 
duce the next. Subdecuple] 1. e. Nou divide þ. 
by 10 bere as you multiply by 10 there. 

6. Decimal parts, &c. ] Though indeed 
you may without error call 0| 56, 5 tenths and 
6 bundredths ; yet ſince 52, = {,, therefore "tis 
beſt to call them both by the ſame denomination, 
56 bundredths. 


B 3 CHAP. 
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CHAP. 1I 
Of ADDITION. 


be H E Number which ariſes from Ad- 
dition 15 called the Summ or Apggre- 
agate, as 3 and 7 make 10. 

2. Addition begins at the right hand, and 
ſets down the particular Produds of the ſeve- 
ral rows underneath 1n their proper places. 

3. All the given Numbers together are 
equal to the Summ. 


Examples of Addition. 

79493 37941236 _—T 
6956 - 58413 7 13 4 

67293 G 6 
* 947 [© i. 7 
$097 235 © 6 

— 4720 [7439 23% 09 
160739 g 70 ©0 Io 
4915. 48 10 3 


1009415599 384 10 9 


4. Symbolical Addition joins all the given 
Magngtudes without changing their Signs 


to 


WIIWO ounh & 


wv 
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to 3A A 17 
add A —A| —3A —Al E 
Sum. 3AF+A|A — AlzA—5 Als A—3AlA+E 
L i. C. 4A of —2A 2A 


to A+B| A+B : 
add A—B} A—C [o,in the 3 
Sum. 2A |2A-FB — C ar ar" « 6M. 


NOTES. 


4. The Meaning of —A, «, that there is 
8 Defe} or Subtudtion of A; and conſe- 
quently ++ A — A 0: for that Affirmative 
A being put where there was leſs than nothing 
by A, does mo more than ſupply that De» 


felt 


— 


CHAP. Il. 
of SUBDYUCTION. 


TJ H E Number found by SubduBion 1s 
called the Remainder or the Diffe» 
rence or Exceſs: as, out of q take 3 thers 


remain 4. 
B 4 2, Sub- 
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2. Subduftion begins at the right hand» 
and writes the Differences of the Figures of 
each place in their proper places. 

3- In S«bd«uFion the Number to be ſub- 
ducted together with the Difference, 1s equal 
to the Number from which the Subdudtion is 
to be made. 


EXAMPLES. 


3472068336 379+| 236 b & 1 
__ 6507592 gqrjoe8 uy 13 4 
349399244 Jeoirss 2 232_7 

Oy y 86 19 


4+ Symbolical Subduttion joins the Magni- 
tudes given , changing the Signs of thoſe 
which are to be ſubdudted, 


out of 4A 3A 5A A 
take A $A —3A E 


rem. 4A—Aj3zA—$A SAT3A A—E 


1.6 3A —2 A | 
out of A A ; 3 
take B+C| B—C] So in = 
rem, A—B—C|A—B-+C|[n4exer. = 
6.15 


NOTES, 


«* MIN] ww 
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NOTES, 


4. As tothe Subdudtion of one Quantity from 
another when they bave like Signs, either |-or—, 
there is no difficulty, As to the Subdution of 
one Quantity from another when they bave unlike 
Signs, either an affirmative Quantity u ſudutted 
from a negative, or a negative from an affirma- 
tive, it may be explained thus, 

Take —A from -{-A the remainder will be 
2A : for as to ſubdutt 8 poſitive Quantity from 
any Totum #: to turn it into a Defett ; ſo to ſub- 
dutt a Defe& from any Totum « to add ſomuch. 
The caſe this, you are to ſuppoſe any Quantity, 
ſuppoſe A, with « defett of E, or —E tying by 
it, to take away that defef# is to ſupply it, and 
conſequently the Summ that thus ariſes will be 
A+E. As for the other *tis now very eaſie. 


CHAP. IV. 
Of MULTIPLICATION. 


I, KF H E Number found by Multiplication 

is called the FaFzs, or the Produe, 
or a Rectangle, or a Plane: for one of the 
ſuppoſed Numbers may be called the Longi- 
tude the other the Latitude ; and both ny 
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be called Factors and Sides; the greateſt 
power of any two Quantities being a Figure 
compoſed = them, whoſe angles are right, 


and whoſe (ides are parallel. 

2. Mukiplication gins at the right hand, 
and multiplies all the Figures of one gwen 
Number upon all the Figures of the other, 
and colle&eth the ſeveral Products into one 
Summ, a regard being had to their places. 
It Decimal parts be mingled wich the Num- 
bersto be multiplied, you muſt cut off from 
the Produd as many places of parts as there 
arein both the Factors : For in Multipliceti- 
on the Index of the Produ of any two Fi- 
gures is found by adding the Indexes of the 


two multiplied Figures. So 58! 73 multt- - 


plied by 600 makes 35238. For the Index 
of the Figure 6 in 600 is 2; the Index of 
the laſt Figure 3 in 58173 15 2. Let the 


Indexes 7 and 2 be added, there will ariſe 0 
for the Index of the laſt Figure in the Product 
35238 ; which therefore belongs to the place 
of Unites. And fo of any other Figures. 
Fes there be Noughts in the Numbers 
to be multiplied, omit them, and multiply 
the Figures, and then in the Produc let 
there be added as many places of Integers 
- you omitted Noughts in both the Fa- 
ors. 


4 In 


” wy” FF IX Ws 


of the Mathematicks. 'S 


. Tn Multiplication. As 1 is to either of 
the FaRors, D is the other to the Product. 
As 4 upon 6 makes 24, theretore as, 


14 2: 6. 34. 
I6 :; 4 + 24» 


EXAMPLES. 


6 $0134 358 5873 
y ho + 600 600 
—__ "oo 4 
9152 —_ = 21458009 3523 
1184 299 I 
16608 4962 35 


23213 6 
$1792 
405179 273566j150 


5. Thereisa very uſeful Contraction of 
Maultiplicstion according to the following 
Method. 

If it ſuffice to have your Produd not en- 
tire, but wanting ſome of the laſt Figures ; 
you muſt put the _ of Unity of the leſſer 
Number, under that Figure of the greater, 
whoſe Index is equal to the Number of Fi- 
gures, either to be cut off in the Integers, or 
to be left in the Parts, And then ſet the reſt 
of the Figures of the leſſer Number under 
the greater in the inverſe order, - 

et 
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let each Figure of the Multiplier begin to 
multiply that of the Multiplicand, which is 
juſt over; but ſo as to have reſpe& to what 
would have been brought thither from the 
following places. 


Of this Abridgement there are Four Caſes. 


2461914 
72153 


74 07 
I2 35 
49 
I7 
$87 08 


914 1248 
72 [53 
749 742 09 
4 933 28 
1 725 40 
870 $165 65 


Caf. T. If you would have 
the Produ& without any 
Parts, Set the place of U- 
nity of the leſſer under the 
place of Unity in the great- 
er: as in this Example, 
where246 [914 upon 35 127 
produces $708 Integers ; all 
the decimal parts being 
dropt. 


Caſe. It. If you would 
have the Produc with ſome 
places of parts ; ſuppoſe 4: 
ſet the place of Unity of the 
leſſer Number under the 
Fourth place of the Parts of 
the greater. 


Caf. TH. If you would have the produt 
wanting ſome places of Integers ; 7 
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$: ſet the Unites place of B8ogoz 
the leſſer in the fifth place $557393 
before the Unites place of 24251 
the greater, As ſuppoſe +381 
80902 the Sine of 54 de- 647 
grees, be to be multiplied by 57 
39875 the Sine of the great- 4 
eſt Dechitnaion 23% 30% = 
The product will be the De- 3 
clination of the Sun, at the 24* of &. 


Caf. IV. If you would have the Produt 
robbed of ſome places of Integers, ſuppoſe 5, 
to be repair'd again with ſome places of Parts, 
ſuppoſe 4 ; becauſe 5—4=1. Therefore 
you muſt put the Unites 
place of the leſſer Number 422 62 
one place before the Unites 4 6c010 
place of the greater. As in ———— 
this Example, where the 25 
Sine 42262 15 multiplied by 2 
o | 0064; fo that the five 01 002 9. 


laſt Figures being cut cf, four 
places of parts are reſtored ; the Produ&t 
will be o| 0927. 


6. Symbolical Multiplication connects both 
the Magnitudes with the Note « or for the 
moſt part without it, if the Quantities be 

den 
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denoted with one Letter. If the Signs are | 


both alike, the ProduRt will be affirmative, 
if unlike, negative. 


Note, That A upon A, or AxA, or AA, « 
Aq. AAA, or AqA, « Ac. AAAA, 
or AqAq, or AcA, «x Aqq, ©&c. 


For every ſuperiour Power is made of two 
interior , whoſe Dimenſions both together 
are equal to the number of the Dimenſions 
of the ſuperiour. And as many as are 
the Magnitudes which are multiplied, fo 
many are the Dimenſions of their Pro- 


duct, 
Al A+EJA4-E+1 1 A=E 
FF F Jj ng; = 
makes AE|BA+BE[ZA+ZE+ZI|BA—BE 
B+1 
:.. an 
BAFA 
;zA|AE jJA E |A+E 
upon — jo A E |ATtE 
makes 6AqlAqE|AqAq!Aq--AE 
| +AE +Eq 
Aq+tH AETEq_ 
A+E 


it 
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A+E 
upon A—E 


makes AAFAE 
_—AE—t<q 


Aq—Eq 


If the Side AB4-CD be multiplied upon 
it ſelf, this Square will be produced, 


BAq+2ABxCD-+-CDg. 
NOTES. 


2. And if Decimal parts be added, &«. ] 
Here I ſhall firſt explain that Rale, which be 
bere gives us concerning Multiplication, and 
ſhew then from that Rule that you muſt cut off as 
many decimal places in the Produtt, as there are 
ſuch in both the Fattors, 


The RULE «4: ths. 


The Index of every particular Produ& is 
found by adding the Indexes of the Fa- 
&ors. 

The Reaſon of this will appear upon viewing 
. the forementioned Table, Cap. 1, but muſt plain- 
ly if we jet it in thu Form, 


Oc 
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&c. 4 py 2 $0 
I'S » =» WS © » TH ©: TS BY 


"__ z; 4 Oc. 
Li. 4.0. 
X . XR . XXX. KANE. 


As for Integers, "tis plain that if you take 
any two or more of the Terms towards the right 
hand that the Indexes of their Produtt will be 
equal to both and all their Indexes added toge- 
ther : take theſe, 


Sy 232 = 5 
XX ®* XXX = XXXKXXKX, and ſoof any 


others. 


As for Fratiions the caſe is the ſame. 
- FF 
In FF = I 
Þ + 


As for Frattions upon Integers : Becauſe Di- 
viſion undees what s done by Multiplication, 
therefore, 
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2 2 
XXX x Ho = —=X. whoſe Index 
ie 1 = 3=2 


Henee it follows, that you muſt cut off as ma- 
ny places of Parts in the Produtt, as there are 
ſuch in both the Fattors. 

For take any Example. Suppoſe 34|45 to 
be multiply'd by 3.| 75. By the Rule the In- 
dex of 5 in 1 is 7, and in the other al[s 7 ; which 
added together make 4 the Index of the Pro- 
dtt of theſe two: and 4 is alſo the number of 
Parts in both Fattors, 


Thus in any other Example. 


5. The Rule in this Paragraph I will not 
Tranſcribe, but ſuppoſing the Reader to have it 
in bis memory, I will bere give him the Rea- 
ſon of it; and conſequently of all the Operations 
in the Four following Caſts, *Tis this ; 

Firſt of all, by this Method *tis moſt plain, 
that you place your Unity ſo, that from its particu- 
lar Produtt or Line you cut off or ſecure juſt as 
many Figures as you pleaſe. If you would cut 
off 5 in the Integers, you ſet it under the 5th 
place of Integers, and multiply it upon the Fis 
gure which is over; and in the Parts, if you 

ou 
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would ſecure five places there, you ſet the Unity © {| 
wnder the fifth place of Parts, and do th like» ©, com 
Farther, by placing the Figures of your Mul- | rhoſ 
tiplicator in the inverſe Order , and multiply- © rip! 
ing as you are bere direfted, you will in each \ 10 
rank that is made, by multiplying each Figure © laft 
of the Multiplicator upon the Multiplicand, | and 
effet# your deſign. The reaſon is, becauſe when | hi 
the Figures are ſo placed, the Index of each Fi- cut 
gure added to the Index f that which ſtand; 
direHy over it, upon which 'tis to be multiplied 
in the firſt place, are, and muſt be equal to 
the added Indexes of your Unite, aud the Figure 
which ſtands direiHly over i. 


Let us take the Firſt Example. 


246 |914 245 | 914 0 
35127 72\ 53 rabo 
Catl 
1928398 7407 iu 
4: 13828 1235 out 
12 34\570 49 reng 
©7142 I7 | 
ls 8708, be « 
2. 


Where the Indexes of 3 and 9 are equal t1 at hi 
the Indexes of 5 and 6, and equal to the In. 3s 
dexes of 2 and 4, and 5 and 2; ſo that the for 
produtts of all theſe muſt have the ſame few, nr 
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fy ÞT have here ſet the ſame Sum multiplied the 


1 common Way, and drawn a Line, that cuts 0 
od. } thoſe Figures which you drop in this way of Mul- 
J- © tiplication; where you may ſee, that according 
ch to this method of Contrattion you multiply the 
re laft Figure ff and the laſt ſave one next, 
d, ; and ſo omward:s, and all along drop thoſe Figures 
en | which ftand in thoſe places which you deſign to 
+ cut off. And ſo of any other Example. 


ed — _ i 


” CHAP. V- 
of DIVISTON. 


I. H E Number found by Diviſion is 
called the L2uotient, or allo the Pa- 
rabola, becauſe it ariſes out of the Appli- 
cation of a plain Number to a given Lon- 
itade, that a congruous Latitude may be 
_ If Two Numbers ſtand one above 
another, with a Line drawn between them, 
*ris as much as to ſay, that the upper is to 

be divided by the under; as *#*, and +. 
2 Diviſion begins atthe Left Hand,and after 
' 4, it has diſtinguiſhed ſo much of the Dividend 
7.  as15 ſufficient forthe Diviſor, and ſet the Divi- 
4, Jor under it, or ſuppoſed it to be written un- 
, der, it takes the Diviſor out of thoſediſtin- 
guſhed Figures as _ as it can; hy 
2 the 
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the Diviſor being multiplied by the Lwotient, 


and the Produe taken out of the Dividend : 


ic ſets the Diviſor a ſtep forward, and pro- 


ſecures the Diviſion. Every particular 2uo- + 


tient Found belongs to that place to which 
that Figure of the Dividend does, which 
ſtands, or is ſuppoſed to ſtand over the U- 
nites place of the Diviſor. For in Diviſion 
the Index of every particular Figure of the 
Quotient is found, by taking the Index of 
the Diviſor from the Index of the Dividend. 
So 17 | 14 divided by 857 give 0| 2 tothe 
Quotient : For the Index of the firſt Fi 
gure of the Dividead 17, is 1; and the 
Index of the firſt Figure of the Diviſor 8, is 
2. 1—2=t, for the Index of the firſt Fi- 
gure; which therefore belongs to the firſt 
place of Decimals. 

3. If the Diviſor have Noughts toward the 
right, negle& them, and cur of ſo many Fi- 
gures in the Dividend , and then divide. 
Bur in the end of the Diviſion your Noughts 
and Figures are to be reſtored. 

4- In Divifim as the Diviſor is to U- 
nity, ſo 18 the Dividend to the Quotient ; 
or as the Dividend is to the Diviſor, ſo is 
the Luotient to Unity. If you divide 24 by 
6the Quotient 15 4. *Tis therefore 61 : : 24- 4- 
and 24- 6:54 1, 


29 


5. If © 


iplicatien 
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5. If a quantity be made by the Multi- 
| of two others, either of them will 
its Diviſor, and the other the Quorient. 

6. In Multiplication and Diviſion Unity 
makes no alteration. 

7. If a number be multiplied by another, 
and the Produ& divided by the ſame, no- 
thing is done : For what Multiplication does, 
Diviſion undoes. Wherefore in the applica- 
tion of one magnitude to another if the ſame 
Magnitude be both above and below the 
Lins let it be blotted out in both places. 


EXAMPLES, 


297) 187135075 (630084 337» 
ZI7F. 


127 6000.) 4320| 765 
120| 1275 
C 3 
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F2 


8g zxxr7 _—_ 

297) x87x35975 (630084 £27 6 

. a278zx3768 297 T 

89gzxx8 F: 

q 

Ol 

$80 | 34) 27565 1x59 (4715 D 
2321368S 

4LEXFF? de 


$. Sometimes a number is to be divided pt 
by an irrational or indefinite Number, ei Þ 
ther conſiſting of Integers or mixt. In this 
Caſe take as many of the firſt Figures of h 
the Diviſoreas are neceſſary, for the firſt Div» h 
viſor, and then inevery following particular 
Diviſion drop one of the Figures of the Di- 
viſor towards the Left Hand, till you have 
got a competent Quotient. 


EXAMPLE. 


I7 

3a? 

28S x 

ELTLE-A 

357 | 2926425) 467927 (1307| 80 

3572 

207X27 

2598 

X86 This 


a ww. a ———_—_ 
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This is an excellent Contraction of Di- 
viſion; and of great Uſe in Aſtronomical 
Computations. For Example : If 137638 
be to divide 126223 multiplied by che 
Total Sine, that is, with 7 Noughts 
ſet after the laſt Figure. Ser down but 
one Nought, and for the reſt diminiſh the 
Diviſor. 139638) 162230 )617097. 

9» Symbolical Diviſion puts the Diviſor un- 
der the Dividend with a Line between them, 
and then conſiders, whether, in their Com- 
potion, any one magnitude mulnpheth 
both of them, and ſtrikes it out in both. 

Diviſion, when the Diviſor and Dividend 
have the ſame Signs, whether + or — will 
have + inthe Qworient, when divers Signs—, 

Divide] AEjBAc|BA+A PRIED Aq 

by FA Ad A B—C | 2A 

Luotient E| BA | B-1| A [2 A. 


NOT ES, 


2. As for the Rule about Indexes in Divi- 
ſion, be that will ſee what bas been ſaid con 
cerning them in Multiplication, and wary the 
tryal, as the nature of Divition does require, 
will eaſily underſtand it. 


C4 CHAP, 


© 


VO AW wile US NBER: ets SE ut. NE aL 


p—— w—_— 
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CHAP, VI. of PROPORTION. 


F of Four Numbers the firſt be to the 
ſecond, as the third to the fourth, thoſe 
numbers are called Proportional. The Ra- 
tio of one number to another is found by 


dividing the Antecedent by the Conſequent; 


as the Ratio of 31 to 71s 4+. 5. e. quadruple 
ſuper-triparting ſevenths. 

2. Wherefore it the ſame number multi- 
ply any ewo numbers, the Products will be 
proportional to the numbers multiplied ; 
and if the ſame number divide two num- 
bers,the Quotients will be proportional to the 
numbers divided. 


As 4x $7 = and 42? (7. 


36 (9. 
Alſo Ax FI and A) 54 4 


3 Wherefore it four numbers be propor- 
tional, the Product of the ewo Extremes 
will be equal to that of the two middle 
Quantities. 

Now 7:9 ©: 7*4+ 94 $228.36 


IXg9x4 = 9x 


7* 
4. Hence tollows the Golden Rule of Pro- 
portion. Ifof three numbers given you _ 
| che 


ithe 

*third 
'fourt 
[9.25 
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'the Reaangle made by the ſecond and 
third by the firſt, the Quotient will be che 
fourth Proportional. Let there be given 7. 
9. 28, and call the fourth ſought, Q. Then 


7.9 :: 28. Q. 
7Q= 9x 28 therefore 9 x 28=Q. 


7 
Alſo 5. 12 : : 8. 8x12, 4. e. 191. 
:$ 5 


5- Of three given Numbers to find a 

fourth Proportional , the two firſt give 

ou the Ratio: The Queſtion is concermng 
the third. In Dire& Proportion the firſt Term 
is of the ſame kind with that by which the 
Queſtion is made. But in Reciprocai Propor- 
tiow , the firſt Term is that by which the 
Queſtion 1s made. 

6. Dire Proportion 1s when the greater 
that Term, by which which the Queſtion 
1s made 15, the greater the fourth will be 
alſo, and theleffer it is, the leſſer the fourth. 

7. Reciprocal Proportion 1s, when the grea- 
" ter that Term, by which the Queſtion 1s 
made, 15, the leſſer the fourth will bez and 
the leſſer that Term is, the greater the 
fourth. 

8. Proportion is Continual 7 is, when all 
the Terms between the firſt and che laſt 
© are both Antecedents, and conlequents 1n 
the ſame Proportion. 8. 12, 


—Q 
— _ _ —_ 
_ _ 


—_—_—=_ —_— 


_— —— — — —— 
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8.12.18. 27.are— for 8. 12:; 12.18 :: 18, 17, 


BB Be Baq Bqc 
Alſo «. &, « «aq ac agq 


Wherefore in this Series, if the laſt Term 
be &, and the ſum of all the Terms be Z, then 
Zo— will be the ſum of all the Antecedents, 
and Z—-x the ſum of all the Confequents. 

9. It Four Quantities be proportional, 
A «x:: BS. they will alſo be Alternately 
Inverſly ; ; and in Compotition, Diviſzon, and 
Mixtly proportional. 


: B. G. 
FAG ip A. B:: « G. 
Inv Somol moe :&B. 16 
In Compoltt. oc, - : B+-{. Þ. 
A+B.B ::%4-, Þ, 

In Diviſion. - torn : B-E./[. 

or A—BB ::; «4.8, 
Converlly. A. AÞ+«: :B. B+4. 

or A. A+B:: oc + /þ, 
Mixtly. #7 Am: B+6. BS. 

or B. A—B:; er? ſe, 


ee, — 


10, In any number of Proportionals. As 
one of the Antecedents is to its Conſe- 
quent, ſo will be the ſum of the Antecedents 
to the ſum of the Conſequents, Let there 


> hb» 
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A.« :B6 :; C.y::D. 35: Thenwill be 
A; « 3 Tay a-pety+. 

- andin Compoſition. 

: (B.&.) C.y. and 

AR ot = pod {re (C.y.) D9. 

Alſo in = «. & : : Z—®. Z-x Wherefore 

6Z—ag=P7—Bao or EZ—-&Z—=fa-aq. 


From hence $502 : The Sum 


of the Terms=. 


11. If the Antecedents of ſeveral Propor- 
tions be equal. As one of the Antecedents 
is to the ſum of its Conſequents, fo the other 
to the ſum of its; 

SayA.B:: «þ.and A C:: &, y. and 
AD: : &, 0, then is A.B+C-+D : : «, 6+ 
y+3, It appears from the foregoing De- 
——— the Terms being placed Alter- 
nately 

I If of two Ratio's the Conſequents are 
equal, the y are to one another as the Antece- 
dents? It the Antecedents are equal, they 


are —_—_— as their Conſequents. 
: 7-9. and 3.+::7. 9. 
13. If ewice Four Quantities are alike Pro- 
al, then their Sums, and their Dif- 
erences are proportional. 
+ It four Proportionals be either multi- 
Plied or divided by 4 other —— 
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the Produts and Quotients will be propor- 
tional alſo. It follows from the third. 

15. The Ratio of the Antecedent to the 
Conlequent, is compounded of the Ratio of 
the Antecedent to a third, and of that third 
to the Conſequent; or of the Ratio of the 
third to the Conſequent, and the Ratio of 
the Antecedent to hat third. 


\. $7. A. andq.9::*x$A.g. 
7-92: x9 0 . A 


16. As for the Invention of the fourth 
Proportional in Aſtronomick Computations. 
If 100000 be the firſt Term, the fourth is 
found by the fifth. Cap. 4. Caſe 3. As 
100000. 809202 : : 39375. 32260. 

If 100000 be the ſecond or third Term,the 
fourth is found by 8. Cap.5. 137658. 1001000 
2: 126225. 91706. 

17. As forthe finding out of a Proporti- 
onal Part from the given Difference of 2 
numbers in the Canon of the Proſthaphereſes. 
In the Prutenick Tables, at Gr. 62. Of the 
Anomaly of the ficſt Epicycle of the Moon 
the Proſtaph. 15 Gr. 4| 1786, Ablative, an 


the difference Gr. o |9433- How great a 
part is due to the Anomaly Gr, 62 | 5669 2 
Say 1. 010433 :: 0 | 5667.0 [245 per Cap. 4- 
Seat. 5. Cale 2. Then 4| 1786Þ 0/0245=4 
| 2031, Which is the corre& Proſthaphere- 
/ And 
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on the other hand ; if there be 
FM. the Anomaly of the firſt Epicycle 
of the Moon, congruous to the Proſftaphe 
of Gr. 4 | 2031, the next leſs in the Canon 
is Gr. 4|1786, anſwering to the Anomaly 
of Gr. 62. And the difterence Gr. 010432. 
But 4| 2031-4 |1786=2 | 0245. Say there- 
fore 0 | 0433- 0/0245 : : 1. 0| 5664+. The 
parts to be added to Gr.62. And the ſought A. 
nomaly 15 Gr- 62 | 566, 


13. The Converſion of Sexageſimals into 
Decimals. And of Decimals into Sexageſi- 
mals is thus: 45 Sexagefimals are turn- 
ed into Decimals, by dividing by 6o, and 
o|75 Decimals are turned into Sexageli- 
mals, by multiplying by 60. As 


60.46 :: ws For 
and 1+ O{75 :: 60. 44", 


Diviſion by 60. Sets the ſeparating Line 
one ſtep toward the Lefr Hand,and divides by 
6; and Multiplication dy 60, ſers the ſepara- 
ting Line one ſtep toward the Right Hand, 
and multiplies by 6: WhichRule 1s obſervable. 

But if there be ſeveral Sexagelimal Species 
joined to Entegers, ſuppoſe 127. 32. 00”. 0g". 
45" ; ule this Abridgment, under the Inte- 
gers 127; ſet the Sexagefimalsin an oblique 
Deſcent, and then, from the loweſt, divide 


each 
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each by 6; and ſet the Quotients in the next 
upper rank, till you come to the Integers- 


127 | 5333784722 
* 32|002708333 
*00 | 1625 
"9 | 75 
"45 


On the other hand. If Decimals be gi- 
ven, ſuppole 127 | 5333784722; multiply 


them continually by 6, and write the Pro- -, 


ducts under one another, dropping one place 
toward the Right Hand, that the deſcent 
may be oblique. Obſerve the Example. 


The degrees of the Equino&tial , with 
decimal Parts, ſuppoſe 236| 4276 are turned 


into Decimal Parts of the Day, by dividing 
by 360, #. e. 6x 60. 
And the Decimal Parts of the Day ſup- 


pole 
6) 236|4276 
60) 39|4046x6 
0|6567433 : x60 


6567433 into Degrees, by _— by 
360; #4. e. 60x6, Obſervethe Example. 


The 


» 


_—_— G—_— 
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The degrees of the Equino&tial with De- 
cimal Parts. Suppoſe 236 | 4276 are turned 
nto hours, by dividing by 15; 4. & 3*5. 
(3) 236| 4276 
5) 78| $0923 
15 | 76154X5 


And hours with Decimal Parts are turned 
into Degrees, by multiplying by 15; 4. e. 


$x3- 
Hours with decimal Parts. Suppoſe 1 5/761 84 


' are turned into decimal Parts of the day, by 


dividing by 24; #. e. 4x6. 

And decimal Parts of the Day. Suppoſe 
6567433Þ are turned into hours by divid- 
ing by 24, 4. e. 6x4. 

4) 15 [76154 
6) 3194046X4 
0|6567433x6 

A Colle& Sum, ſuppoſe 191374 is turn. 
ed into an Expanſe Sum, by dividing con. 
tinually by 60 : and an Expanſe into a 
into a Colle, by multiplying it continually 
by 60. 

191374 
bo) 318/9/3_ 
$319 
So 


— OC— 
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So that if the Colleted Sum be of U. 
nities, vis. 191374?, the Expanded will be 

3”. 09” 34*. 4.e. 53 lecond Sexagenes; 9 

rſt Sexagenes; and 34 Unites. Burt if 
the Colle&ted Sum be of the ſecond Sexa- 
gelimals, wiz. 191370", the Expanded will 
be 53". 09. 34. | 

19. Arithmetical Progreſſion is an equa- 
lity of Differences. As 54- 12. 9. are in A- 
rithmetical Proportion 9. 7—1 : 12, 12—143. 

20, Wherefore of four Arithmetically 
proportionals the Sum of the two Extremes 
is equal to the Sum of the two in the mid- 
dle. 7+12—3=5—-3+12. 

21. Add the ſecond to the 3, and ſub: 
duct the firſt ; the remainder will be the 
fourth. As 124+4=—, =9- 

22. *Tis called Continual Arithmetical 
Progreſlion, when every Term has the ſame 
increaſe ; as 4. 7- 10. 13. 16, 19. the com- 
mon increaſe 1s 3. So that every Term 
conliſts of the firit, and as many common 
Differences as it 1s ſteps diſtant from the 


firſt, 

The Thirteenth Term will be 4+12x3, 
s. e, 4+ 36=40. 

23. Addthe firſt Term to the laſt, and 
multiply them by the number of Terms, the 
produt will be twice the ſum of the Pro- 
greflion. 4o0+3x13=572=2Z, or twice 
the ſum of the Terms. 24. If 
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24. If over a Series of Terms, in Geo- 
metrical Progreflion, you ſet ſo many Terms 
in Arithmetical Progreflion? To any four 
Terms, in Arithmetical Proportion, there 
will anſwer four in Geometrical Proportion, 


Index's, 6. $. 10. 12. 14. 16. 18. 20» 
Terms, 5.15.45.135. 405.1215. 3645. 1093S. 


Bec auſeto+16—6=20. then is = I215= 


»*=10935:; 


And from hence appears the Invention of 
any Term in a Geometrical Progreflion. 


25. There isalſo a Proportion called Mu- 
fical. When in four Numbers, the firſt is 
to the fourth as the difference of the firſt 
and ſecond,to the difference of the thirdand 
fourth : As 5. 8. 12. 30 are Mufically propor- 
tional Becauſe 5. 30 ::8$—5.30—12 :: 3.18 
In Symbols, A,M,N,E> Let A.E: : MA” 
E-N. Wherefore AE- AN=ME—AE 
theſe Terms being rightly ordered, the Rule* 


| a_— _---- 
will be AME and- EN In 


words thus; If the Re&angle contained un- 
der the firſt and third Terms, be divided by 
the Exceſs of the firſt doubled above the ſe- 
cond, the Quotient will be the fourth Term 
in Muſical Proportion : Wherefore the firſt 
Term doubled ought always to exceed the 
lecond, D NOTES. 
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NOTE S. 


g. If any have a mind to ſee the deriva- 
Fion of theſe Proportions, they me find them mn 


Dr. Wallis's Treatiſe of Alge 
They are too much to inſert bere. 

7. Reciprocal Proportion may be beſt ex 
Plained by 2. equal Rettangles. 


ra. Cap. 19. 


B=4 =. 
160 | 320 
I 60 A=40 


Here AxB=axb conſequently A.a :: b.B 
Theſe Duantities are ſaid to be Reciprocal 
pms becauſe A is to a, ot &s Bun 

but backwards, A.a : ; b, B. 

19. h 


©/w 0 7 


{- 
if 
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17. 2 the Prutenick Tables, &c. | Theſe 
Examples will tend thus. 


© | 5667 
334910 433) 2450 (ols65 
SIT VET 
00000 2165 
0000 2850 

227 2598 

7 2320 
RE. 2165, Oc. 
0[ 0245 _ 


18. The converſion of Sexageſimsls into 
Decimals, &c. Divide an Unite into 60 
parts, and the ſame into 10; there muſt 
of neceſſity be contained in every tenth 6 ſixtietbs; 
and conſequently the ſixtieths muſt be divided by 
6, to reduce them into tenths 5 and tenths mul- 
tiplied by 6, to reduce them into ſixtieths. And 
this is the Foundation of all that belongs to this 
Matter; and will eaſily ſatisfie any one con- 
cerning this, or the following Operation. 

1 9. Degrees of the EquinoRial with De- 
cimal Parts, &c.] The Reaſon is thu. The 
whole Circle conſiſts of 360 degrees, that is, 
36x10, or ten times 36 degrees ; and therefore 
every tenth of the whole Circle contains 36 
degrees : So that you muſt divide EquinoGial 
Degrees by 36, to caſt them into'tenths, "and 
multiply tenths by 36, to caſt them into 360'", 

D 2 CHAP. 
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CHAP. VIL 


Concerning the greateſt Common M E 4 
SURE by which given Numbers ar 
reduced to the leaſt Terms. 


I, T* E greateſt common Diviſor or 

Meaſure of two Numbers is found 
by a perpetual Diviſion of the greater by 
the leſſer, and of the Diviſor by the Re 
mainder. For that Diviſor, which firſt di 
vides its Dividend without any Remainder, 
will be the common Meaſure of the given 
Numbers, As of the number 899, and 
744 the greateſt common Meaſure will bt 
31. As thus, 


744) 899 (i 
744 
1551744 (4 
[ 620 
124 [155 (1 
124 
301134 (4 
124 


—_ __ — —_—— 
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31 124 155 
31) Y24) X55) 744) $99 (x4X4 
X24 X24 6290 744 


2- Numbers are reduced to the leaſt Terms 
of the ſame Ratio by a diviſion of them both 
by their greaceſt Common Meaſure. As 
899 and 744 are reduced to 29 and 24, 
the leaſt Terms in that Ratio, both being 
dividedby 3 1 ,their greateſt Common Meaſure, 

So 3Aq are reduced to A, by diviftton of 


6A 2 
them both by 3A. And 4Acc are reduced 


6 Aqq 
to 2 Ag, by adiviſion of them both by 2 Agg. 


3 
Alſo BA is reduced to A, by a Diviſion of 


B 
them both by B. For that which is done by 
Multiplication, is undone by Divifion. 

3. Wherefore, If the greateſt Common 
Meaſure of two Numbers be 1; Theſe 2 
Numbers are called Prime Numbers, and are 
the leaſt which bear that Proportion to one 
another. Such are 29 and 24. 

4. If a Number be a Prime Number, with 
reſpe& to two other, 'ewill alſo be a Prime 
Number to the Product of thoſe two multi- 
plied into one another? Hence the manag- 


D3 ing 
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ing proportional Numbers may be made 
more eafie oftentimes. For Example, 
I 
_— =: $ 
” a 778: TT 

5. You muſt remember always when a 
Fraction 15 before you, to reduce it to the 
eaſt Terms. As 344' to 24 _ 


899 29 
NOTES. 


1, Concerning this matter you are to conſult 
the ſecond Propoſition of the ſeventh Book of 
Euclides Elements. 

4. Te this Example12 8 : : 15. 10. Firſt 
you (as us before direfied) reduce the Ratio of 
4. t0 +, by dividing them by their common 
Meaſure 4. ſo that 4-2: : 15. 10. Then 
dividing 3 and 15 by their common Meaſure 
J- The Figures will be theſe; 1 2 :: 5. 10, 


de 
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CHAP. VIII. 
Concerning FRACTIONS. 


I; (]/”: or any other Totum or whole 

thing, may be conceived divihble 
into never ſo many parts; which receive 
their Name from the number of parts into 
which Unity is ſuppoſed to be divided. As, 
if Unity be ſuppoſed to be divided into two 
equal parts, = are called ſeconds; if into 
three, thirds, &c. 

2. Fraftions conſiſt of two Terms one 
above the other, with a Line drawn be- 
eween them ; the lower of which tells you, 
that Unity is to be ſuppoſed to be divided 
into juſtſo many equal parts,called the Deno- 
nator. The upper tells you, how many of 
thoſe parts belong to that Fraftion ; and 
is called the Numerator, As 4 Numerator , 

Denominator. 
This Fraction does denote four fifth parts 
of an Integer 3 that is : Suppoſe an Integer 
divided into five parts, this denotes four of 
thoſe parts, 


D 4 3- Thers- 
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3. Therefore whatſoever Ratio the Nu 
merator has to the Denominator, the ſame 
has the FraQtion to Unity. 


4$::4.1>, R.S;:R.x 
Ks [ 
4. And becauſe a Ratio may be expreſſed 


innumerable ways, and that in higher and 
mxgper Terms, infinitely in the ſame habi 
tude one to another; it follows, that FraQti- 
ons may be expreſſed innumerable ways al 
ſo; as LE the leaſt Terms in that Ratio, 


I2 
and in Latin called Sxincunx ) is equivalent 


WF -D.- | 5 andany other numbers 


n 24, 48, 60, 108, 
that ariſe from the wg of 5 and 12 
into any other number, by Se&. 2. Chap. 6, 

5. Wherefore the Terms of equal Fra- 
tions are proportional; and if the Terms 
= proportional, the Fractions are of equal 
yalue. 

6, If the Numerator be leſs than the De- 
nominator,the Fraction 1s leſs than an Unite; 
if equal, it ſignifies an Unite ? If the numera- 
tor be greater than the Denominator, the 
Fra&tion is as much greater than an Unite as 
that 1s greater than this? A Fraction 1s re- 
duced to Unites by diyiding the Numerator 
by the Denomunator. | As 
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31 3 ,CR+SA__ SA 
M— CT 


as — = 4= an 
On the contrary Unites are reſolved into 

Fractions, by multiplying them by the De- 

nominator of the Fra&ion, as 1==3 or 7, &c. 


3 _2859-3__30 SA __ 
d42=——= =>, and C4q>- = 
an 4 - - an TF 
CR+SA 


CHAP. I% 


© Concerning the Addition and SubduCtion 


of Fractions. | 


1. TF the Fractions to be added be of divers 
Denominations. Firſt, They are tobe 
reduced to the ſame Denomination by 
dividing the Denominators by their greateſt 
common Meaſure , and multiplying the 
Terms by each others Quotients ; then the 
Numerators of the fo found Fractions are to 
be added or ſubdued. And Iaſtly , write 
that common Denominator under the Sum 

or Difference. 
2 And if Integers be mixed with the 
Fractions, they are to be numbred _ 
or 
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For Example, If you would take out of 

6 3 theſe Fractions, 33 and 2 2, firſt 

of all you muſt add te ___ b Z and = will 

d —— 393-25 67 vin 2 2 which 
" ae 45 


being taken out of 6 4 there will remain _ 


come to 2 an 


as in the Example, 


67 out of 5152 3 
F—=6— 
WETSS. $3.  Þ Fra" 
— 7” 
4)x5” xz” 34388218 257 
* LV Z 144 
ne oy SW there remains 
4 144 55 
144 
gs Z, the Sum will be 23 
A Ch 
Out of take C D hore remains ——-T 
WI 
NG CE 
cir” 
CHAP. 


- 


: 
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CHAP. X. 


Concerning the Multiplication and Divi- 
ſion of Frattions, 


I. |, gr gs compares the Numera- 

tor of one and the Denominator 
of the other, that is, reduces them to their 
leaſt Terms, and multiplies che Terms of 
the ſame name. 

2. Diviſion compares the Terms of the 
ſame Name ; and multiplies the Terms of a 
different Name. 

3. If Integers be mixed with FraQtions, 
they are to be reſolved into a Frattion. 


Examples of Multiplication. 


I $ 4 
F vpon @&' 15 5» F . 20 
76 27 ils upon ; 27 
4 3 3 


13 
k 2 X : 654,41 
1” upon 3 (167 


UpO 


wl> => > 


AE 


Ye 


- V's by & = Ed 


=)=( CLE IHE 
4+ What nga is 3 of 21? "2 If 21 
by 3 for + :: 


5 Of what Number does 6 contain ? 
Divide 6 by 3. for51 ;; 6.21. or 2.7 : 


0. 21, 


Mr. Oughtred's hy 
upon B =A 


n 3 Toll = 
Examples of Divihon. 


JHCE d | 
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6. The antiemt 7 + 
Writers of Mufick 
are wont to connect 
theterms of Ratios, 
either to be cont1- 
nued or diminiſh'd, 
with Curve Lines after this manner : If the 
Ratio's be 3 to4 and 4 to 3. 

7. Tocontinue Ratio's is to multiply them 
as if they were Fractions. To fay let theſe 
Ratio's 3 to 2 and 4 to 3 be continued, 1s 
as much as to ſay, let 4 be multiplied upon 
+ and ſo there will ariſe*=: Now the Ra- 
tio of 12 to 6, is double. Wherefore a 
twice-and-an-halt-Ratio upon a once-and- 
one-third-Ratio produceth a double Ratio, 
that #, as Muſicians ſpeak,a Diapaſon is com- 
pounded of a Diapente and a Diateſſaron. 

Imminution of Ratio's is done by Diviſi- 
on, as to ſay, take out of the Ratio of 3 to 2, 
the Ratio of 4to 3, is as much as to ſay, di- 
vide + by t, thus, *)+(4. Which Quo- 
tient is the Meaſure of an entire Tone. 
Whence Muſicians ſay, that the Difference 
between a 7 and a Diateſſaron is a 
Tone: As1n this Line or Chord divided in- 
to 12 parts, 


12. - 8 6” rp 


ms 


L 


t- 


Lf LON. 
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NOTES. 


Here I ſhall briefly and ſymbolically delivves © 
the Reaſon and Myſtery of Multiplication and | 
Diviſion of Fractions. To that purpoſe I wil 


make uſe of this Example, Suppoſe that you are 
to multiply A upon 'Ta plain, firſt that 


An == AC becauſe you are not only to mul- | 


"0 


D 


which ariſes from a Hani of A "— 


= I muſt be divided B, that is, B muſt be 


tiply A upon & my A "I there that Quantity | 


multiplied upon D the Denomingtor of the Fra- | 
t AC G Fion, and then it will be AN? As for Di- 


BD 
© viſion the matter ſtan ls thus = A 


A 
ad xC= 22 tberefore )z(58 


CHAP. 


ENS. a wo coan of. 3%. Sd @©£D 


4 = Wee 
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CHAP. XL 


Some eafie Examples, which prepare the 
Way for Analyticks. 


I. (Yau firſt, that for brevity ſake and 

to help the Fancy, we make uſe of 
theſe Symbols, A and E fignifie two Magni- 
tudes of which A is the greater, E the lefler, 
A their Re&angle, Z. their Summ, X their 
Difference, .7. the Summ of their Squares, 
X, the Difference of their Squares, Z the 
Summ of their Cubes, % the Difference of 
their Cubes; A, M, E itand for three quan- 
tities in continual Proportion ; A, M, N, E 
for Four; Q: C: QQ. QC: fignifhie ſuch 
and Powers ; v/ denotes the Root or Side of 
a {imple Power. But if the Power be inclu- 
ded between two Points at both ends,it figni- 
fies the univerſal Root of all that Quantity fo 
included; which 1s ſometimes alſo fignified 
by b and r, as the V6 is the Binomial Root, 
the Vr the Reſidual Root (or of the Apo- 
rome.) =isa note of Equality. 

2. There are two Numbers of which A is 
the greater, E the lefſer. I ask what is 
their Summ ? what istheir Difference? what 

| is 
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is their Rectangle? what is the Summ of 
their Squares ? -what is the Difference of © 
their Squares? what is the Summ of their | 
Summ and Difference? what 1s the Diffe- # 
rence of their Summ and Difference ? what ® 
is the Rectangle of their Summ and Ditte- * 
rence? what 1s the Square of the Summ ? | 


what is the Square of the Difference ? what : 


1sthe Summ of the Squares of the Summ and 
Difference ? what is the Difference of the 
_ of the Summ and Difference ? 
what is the Square of the Rectangle ? | 


Z=AA-E X==A—E ; 
7—=Aq+Eq X=—=Aq—Eq *' 
Z+X—=2A Z—-X—2E b: 
2Z +4 X= > Z— 3 X=E | 
ZX—Aq—Eq= Zq.X :: Z.X 

=Aq+ ABE+FEqz=Z+2Z. 
Xqz=Aq—2AE+Eqz=zZ—2. 
Zq+Xq=2Agþ:Eq=27. 
Zq—Xq=4qAE +Zq=;Xq=E 
Aq=zAqEq. 


3- There are two Quantities, the Summ *' 
of which 5Z and the greater A, What is 
the leſſer ? what is their Difference? what 
their Recangle ? what the Summ of their 
Squares? what the Difference of their 


Squares, 
E= 
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 F—Z-A. —A—Z. F—ZA—AJ 


> Z=Zq=2ZA+2Aq X.=2ZA — 74 


But if the leſſer E be given, 


eB A=Z—E. X=Z—»E. E=ZE—Fa. 


Z=2Zq=2ZE+2Eq. X.=Zq—2ZE 
4: There are two Quantities, of which 


# thedifferenesis X, and thegreater A; What 
* 15 theleſſer? whatis their Sum ? whattheir 


Re&angle ? what the Sum of their Squares ? 
What the difference of their Squares ? 

EA—X Z=2A-X M#£A=Aq—XA 
Z=2Aq—2XA+Xq X—2XA—Xq 


But if the leſſer E be given, 


 A=E+X Z—=2EFX AF=Eq+XE 


—2EqÞF2XE+FXq X=2XEFXq 

5. There are two quantities, of which the 
greater has the ſame proportion to the leſſer, 
as R to S; and the greater of them is ſup- 
poſed to be A : What is the leſſer ? what 
1s their Sum'? what is their Difference ? 
what their Re&tangle 2 what the Sum of 
their Squares? what the difference of their 
Squares 2? 


E=SA. Z=RAFSA X==RA—SA 


R I R 
E=SAq Z=RqAq+Sqaq. 
R Rq 
x.=RqAg—SqAq. 
Rq 


E But 
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But if the leſſer E be given, 


A=RE 7=R E1-SE. X=R E—SE * 


S S 5 
A#=REq Z=RqEq--SqEq. 
$ $q 
X.=RqEq—SqEq. 
Sq 


6. There are ewo Quantities,of which the”? 
Reaangle is A ; and the greater A : Wha? 
is the leſſer ? what is their Sum 2 what + 
their Difference ? what is the Sum of theu 
Squares ?. what 1s the Difference of thei: | 


Squares ? 

E=A. Z=Aq+F. X=Aq—#E 
A A A 
Z=AgqtAq X. =Aqq—#q 

Aq Aq 


But if the leſſer E be given, 
A=F. Z=#-+Eq. X=#—Eq 


E E E 
Z=#qTEqq &=#q—Eqq 
Eq Eq. 


; 

| F 
= 4 
£7 
R 1 

8 


| ph 


7. And 


| 


Ln 
— 
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7. And from hence many equalities a” 


' niſe. Let us take the Sum and Difference 
; for Examples. 


Z=A-+E=2A—X=2E>-X=Aq+#= 


#-+Eq, &c. A 

E 
X=A—E2A—Z=Z—-2E=Aq—#F= 
#F—Eq, Oc A 

E 


After this manner the ſame quantity will 


* admit of divers Interpretations and Diverti- 


Cs. 


NOTES. 


Here (no more being neceſſary) I ſhall only 
adviſe young Students of this ſort of Learning, 
to prattiſe theſe Queſtions ſeveral times over, 
and to draw Figures for ſome of the Equations ; 
whereby they may gain a full underſtanding of 
the matter, 
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CHAP. XIL 


Of the Geneſis and Analyſis of P O IWERS ; 


ry Power confiſteth. Now Powers aril: 
rom the fide or Root multiplied once « 
more times into it ſelf; The Root multiplys 
ed upon it ſelf makes a Square. The 
Square, multiplicd upon the Root, makes 1 
Cube. A Cube upon irs Root makes 4” 
ans, or fourth Power [4]. 
This again, upon its Root, makes a Qu 
drato-Cube, or fitth [ 5 ] And after thi 
manner there are made a fixth [6], a { 
venth u an eighth [$], a ninth [9], 
tenth [10] Power, &c. 

2. Wherefore the Procreation of Poweti 
from a fingle Root, which conſiſts of ons 
Figure or Note, hath no difficulty at all. 


The 


| Lei 
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= former Table of POWERS from @ 


256 
= 6561 
256 '4< 65536 
625 62 390625 
1296 1679616 
2401 43 | $764801 


4096 20971 52116797216 
478 2969[439457 31 | 


4 


—— __—  — — — 
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3 But Powers from a Binomial Root are! 
generated after this manner. ; 


The Geeneſis of Powers from a Binomial Roos 
A-E 
A+E 

Aq-AE 
 +AE-/-Eq 

AcTHABTHS Quadrat. 


Ac+2AqE+AEq 
TAqE+Þ:AEq+Ec 
Ac+3 2Ant +3AEq--Ec. Cube. 


PO ATTERRAG Fg: s'7 


Aqq-+3 AcE-3Aqtq+AEc 
+AcE+3AqEq-}-3AEcTtEqq_ _Þ 
AqgteActHoAgtoteAEcH bag Que | 


( drato-quadrat 


” 4 And by this Artifice may be framed 2 
Table of Powers aſcending in the ſcale from 
Binomial Root ; which 1 call the La T Tz 

ABLE. | 


5s 


EB 


Aqqce | 


_ loAcccE 
(E] 45AqccEq 
6AqB 12oAqqcEq 
15AqqEq an 
2oAcEc 


210Aqqcc 


12oAcEqqo 
45AqEqcc 
r10AEccc | 


L: 
S 
z 
6 
D 
N 


- 
hd 
cc 
= 
Ut 
WO. 
\W 
- 
UI 
— 
*% 
SD 


R OO wn nonon lies OD Wo DH EEO 24446 466 ARG OE os eb BA EA os ts 
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5. Every intermediate Species of each 
row is made up of the two Species of the 
former row next unto it on both fides ; 
namely, the Power of A in that above it , 
and of E in that below it. The Number 


prefixed to it is made up of the two Num- *' 
bers next adjoyning in the foregoing Pow- | 
er, ſo that you may continue 1t as far as | 


you pleale. 
6. In this Table the two extreme Powers 


in each rank are called the Diagonal pare | 


of the Power; the intermediate Species, to 
which the Unciz ( or Figures ) are prefix- 
ed, are called the Complements ; all the 
Complements together with the Power of 
E are called the Gnomon. 

7. From this Table 'tis manifeſt, that the 
Square from a Binomial Root conſiſts of 
the Diagonal Squares of the greater and 
the leſſer Nomen, with two Re&angles made 
by them. The Cube of the Diagonal Cubes 
of the greater and the leſſer, with three So- 
lids made by the Square of the greater up- 
on the leſſer, and three other Solids made 
by the greater upon the Square of the leſſer. 
Thus | this Table you may learn the 
Parts of which higher Powers conſiſt, 

8. This Table ( being full of fine Myſte- 
ries ) do's alſo ſhew how many places be- 
long to every Power or to its Complements. 
For 
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© For becauſe between two Squares there can 
> be but one kind of Complement, there- 
® fore the Square requires but one place for 
2 its Complement. Burt becauſe between ewo 
7 Cubes there are two kinds of Complements, 
therefore the Cube does require two places 
Z for its Complements. 


wo 4s 58 7 w wes LY ww 


NOT ES. 


” +5 Every intermediate Species, &c. ] That 
© is, ( for inſtance take the fifih Power ) the 
third Species AcEq ( before which, in the fourth 
| Power, ftand next toit ACE and AqEq) takes 
| from the former Ac, and from the latter Eq. 
* And ſo of all otber Species. 

But the Number prefixed, &c. ] To keep 
to the former inſtance, 10 prefixed to AcEq :s 
the Aggregate of 4 and 6 prefixed to ACE and 
AqEq i the foregoing Power. 


= + a on I 9G 
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CHAP. XIII 


. 
- 


Concerning the Geneſ1s or Compoſition 
of POWERS. 


1. CUppoſe you are to compole a Square 
Sg Garda Root 57. Then the great- 

er Note A 155 or 50. The leſſer E is 5. 
| Ler 


- 
CL re AY <P . 


. 
4 
\ 
» 
. 
: 

, 
" p 


b—_ — — 


et "ee er, - 
—_ 
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Let them be written at the diſtance of one ® , 
Place or Degree from one another, and ® 
draw a Line under 4 
wm. _ 5s 25] 7 __ ; 
et its Square 25, _7|9 | X 
under 7 its, which 49] Eq $ Gnomon. | 
is 49, then double 3249 
5 and multiply its 3 
double by 9, and the Produt will be two 
Recangles, wiz. 70; and write yo 1n the® 
intermediate Place. Add them up as they? 
ſtand, and the Produdt will be 3249 fa 
the ſquare of the fide 575. \ 

2. Suppoſe you were to make a Cube from® 
the Root 57. Let them be ſet down two} 
Places one from the other, and draw a Line” 
under them. Under 5 | 
ſet its Cube 125, and $5 7|__ = 
under 57 its Cube 343. 125] Ac : 
Then treble the Square $215 zh 61 


of 5, and multiply it *135 [3AEq £ © 
ſo trebled by 9, and the 142 Ec T ; 
Product will be 525; 185193 | 
three greater Solids to i 
be ſet in the former intermediate Place ;} 
alſo treble 5, and multiply it fo trebled by? 
49 the Square of 7 , the Produ& will be} 
735 three leſſer Solids to be ſet in the lat! 
cer intermediate Place, that 1s, one Place! 


further towards the right hand, . Add them? 
up 
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up as they ſtand, and the Produt will be 
185193 for the Cube of 57. 

2. If the Root conliſt ot many Figures, as 
this 57209. Firſt you muſt compoſe the 
Power of the two firſt Figures 57; then ta- 
king 57 for A, and the next Figure 2 for 
E, proceed as before ; and fo till you have 
diſpatch'd all the Figures in the Root. 


ALE "TT Mil. The Root. 
5. 
o- | o | 

49 | Eq F Gnomon 
32 | 49 . u M 

22 2 

4 | Eq EGnomon 
32 | 51 | 34 | Oo Aq 
& 4} $1 M$ Gnom, 

32 | 72 | 86 | J6 | #1 | The Square. 
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I! | { 
[1Þ:1901 _$[7]/2 |o |9 | Root. 
| | oY. j I25 Ac 
Fl $2]/5 [3AqE 
iff 408 7135 [zAEqp Gnomon. 
018) 343] _Ec < 
ip 43 1851193] Ac 
10304 £/949/4 |3AqE | 
18188 | 6184 [3AEq  Gnomon. E.> 
|} \'# s| Ec { 
| 187149 248 Ac | v 
8 if. 1 88/339][680,0 [3AqE x 
; | | 131899/6o |; AEq> Gnomon. F 
114 6 _— 1529] Ec = 
| ll 187 [2371691 [597|z329, Cube. : - 
4. From what has been ſaid it will not be& v 
hard to compole any Power. i 
G2 
a 
ſl 
n 
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CHAP. XIV. 


? Concerning the Analyſis or the Extraftion 
of the Roots of POW E RS. 


I, Fter you have pointed the Power 
: A according to its kind, ſetting your 
* firſt point under the Unites, you mult cake 
the Diagonal Power out of the Figures of 
the firſt Point on the left hand, and ſet its 
Root down by itſelf, ſomewhere near your 


work ; and then call it A. the Remainder 
as far as the next Point ( which is under- 
ſtood to contain the Gnomon ) being di- 
vided by a Diviſor made up of A according 
to the Nature of the Power, gives the ſe- 
cond part of the Root Ez; with which you 
are to compleat the Gnomon, and to ſub- 
ſtra& it being compleated out of that Re- 
mainder, which it has relation to. 

And thus again, the whole Power of the 
two Figures firſt found contained under 
the two firſt Points being ſubſtraced, there 
will remain a Gnomon reaching to the 
third Point ; by means of which and your 
Diviſor, as betore, you may find the third 
part of the Root; as before, M 

e 


The Extrattion of the Square Root. 


A 


F Z3|&2 


Fafa 


.. 


86 96 


[++ 
[144 


I 


AX 


0296 


Mr. Oughtred's Key 


[24 | Diner 


| Gnomon; 
Diviſor. 


2AE 
EE 


Gnomon- 


8x (57209 
= — —- The Puncation, 


2A Diviſor 
o 2A Diviſor 


o 2AE 


296 


& Eq 


8.x 


Gnomon 


2. 
FX. 


a % — . __ 24 O 164 wv B49 5 p NDTIS PR” : TT ———— —_— 
TS 0 nr 4 Pe OCT TAE We, *, 74 p $0 Rs. "4 + AL > EOS2 e's c NINO 
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The Extrafion of the Cube Root. 


93s 


63 


329 (57209 


E 
 Sa\rgp|Gnom.| * 
74) ag lil! 
It 7 3A 32\45 
— 76 4! Divitor 2218 
11249 [4 3AqE $4. 
6 [84 3AEq 32 71184/00 
PE 0 3 OE — 
_x |1955\z48 \Gnom 
98|t55 "Ts 5 > a; 
een 6 3Aqg %% 
a, 24 "0. —- \ 
9815 [$209 o 3Aq | 
'60 3A 
60 \Diviſor 
o |zAqE 
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2. If the propoſed Number be not a | 
true figurate Number , ( that is, an exat | R; 
Square ) but ſomething remains when the & ref 
Work is done, you may ſet after the re- 
maining Figures as many Ciphers as you Þ an 
pleaſe, and continue your Extradtion- nu! 

3. From what has been aid it will not Þ erjx 
be hard to extra the Root of any Power, Þ tha 
ſo that you conſult the Table, to learn Th 
thence the conſtituent parts of each Power. ® Pre 

D 


= 


CHAP. XV. 


Concerning Surd Roots. AB 

1. TN a rank of Numbers in continual® 

Proportion, As the firſt is to the®F 

laſt, ſo will be the Power ofthe firſt, whoſe! pg... 
Index is equal to the Number of terms, 
wanting one to the hike Power of the ſe-7 
cond. Let there be, . = A, M, N, E, C: 


at there will be 
Becauſe Ju - : oo MG A. E:Ac. Ac. | 


2. Plane Numbers or folid Numbers are | 
then called ike, when their reſpe&ive fide 
are proportional. 3 Like. 
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3+ Like plain Numbers are in a duplicate 
Ratio (that is as the Squares) of their cor- 
ie © reſponding fides. 
'& Therefore like plain Numbers are to one 
ou Þ another, as a Square number 15s to a Square 

Z number. Alſo like folid Numbers are in an 
ot & triplicate Ratio of their correſponding ſides, 
cr, & that is as their Cubes are to one another. 
mM Therefore like numbers ſolid bear a cubical 
er. Proportion to one another. 

” 4. And generally all like Figurate Num- 


their correſponding ſides, equimultiplicate 
© to the number of dimenſions of which they 
conſiſt. Let the dimenſhons be 4, wiz. 
'ABCD of theone, and EFGH of the other 
*1n the Ratio of R to S. 


AE::RS 
ole? Becauſe > 2K 


By. Multiplication 
ABCD. EFGH : ; 


= $5. If a number be not a true figurate Num- 
© ber of its kind, its Root 15 call'd a ſurd Root, 
© Fandisſodenoted. /9q6.4/94. /qqto. Vqct 3, 
& Fthat is the {ideor Root <1 the — 6, the 
Ze of the Cube 4, the fide of the Quadrato- 
are Bquadrate 20, the {ide of the Quadrato Cube 
des 212) Oc. 
ke, © F 6. Thoſe 


* bers of divers dimentions are in a Ratio of 


rey 
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6. Thoſe ſurd Roots are call'd Commen- 
{urable, whoſe numbers reduc'd to the leaſt 
Terms, become true figurate Numbers of | 
their kind, and are therefore as one number | 
to another. As vVaqiz and 4/qr47, being * 
reduced to their leaſt Terms by their greateſt 
Common Meaſure /q3, become /q4 and 
Va4o 3 that is, 2 and 7. | 

herefore the /q12 being to v/qr147, Þ 
as 2 to 5, they are commenſurable. So Þ + 
vVcqoand vcr715 are to one another,as 2 to ® = 
7 ; becauſe being divided by their greateſt | 
Common Meaſure /c5, they become v/c8 F 
and /c343, and therefore commenſurable. | 
”. Surd commenſurable Roots ate added F 
and Subſtracted, if the homogene Power of | 
the ſum or difference of their like numbers F 
tound, (as before ) be drawn upon their | 
Common Meaſure. As vqrg7Þ+v qu: | 
15. the 4243; that is, the Root of the 
Square of 5-+2 (viz. $1 ) drawn upon vaz. E 
And Yq147- vqiz is Vq75; that is, the 
Root of the Square of 59—2, (Viz.25.) drawn 
upon /q3. Allo vci7rs+vcgo 8 c3645; 
that is, the Root of the Cube of 5+2, (wiz, 
729) drawn upon the v/cs, and v/cr7i5—7Z 
vVc40 15 4/c625, that 1s, the Root of the Cube © 


of 4-2 (viz.125) drawn upon thevc5s. * 


The & the 
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The Examples ſtand thus, 


vaqz) vVqar47 (v4949:7 
» _vaiz (vq4.: 
Sum 4q 243 vVqB1.9 
Diff. v/q 75 wvazs.5 


lm 


ve r715 (vcz43.7 
vc) vc 40 (Vc 8.2 


Sum 4/c3645. 


| —— 


vc729. 9 
Diff. vc 625. v/ci2s.5 


vV12+v27 | vV145tvs5 
or WS: -| I2 12 
v48TV2 vVi5YvV245 49. 7 
ETVY | 8 39g vw 1.r 
v48. (16,4 vV32o wV648 
V3 ) 7. V9.3 12 
v147. 49.7 | v180 _ v36.6 
4 | I2 
Ns Re: TY 
4 


S. But incommenſurable ſurd Roots and 
Heterogeneal are added and ſubſtraced by 


the Signs + or —, as vq47+v/944 and 
F 2 9. If 


Sclo=vcs. 
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9. If a figurate Number be-multiplied bY | 


another figurate Number of the ſame kind; 


the product will be a figurate Number of the | 


ſame kind, whoſe Root is equal to the pro- | 
duct of the Roots of the multiplied Numbers. 3 


And if a figurate Number be divided | 
by another of the ſame kind; the quotient 
will be a figurate Number of that kind, whoſe F 


Root is equal to the quotient of the Root of | 
the greater Number, divided by the Root of | 


the lefſer. As the produdt of the cubical 7 


Numbers 343 upon.27=9261 a Cube, whoſe 
Root is 9x3. Alſo Y AgE = 


10. Wherelore the Multiplication and 


F 

” 

4 
- 


Diviſion of homogeneal ſurd Roots, pro» | 
duces a ſurd Root of the ſame kind: As /q7 | 


£ 


upon /q3 15 Vqz1 and Vq7) vqz1 (vaz, 


or a Allo /qA upon V/gE, is : 
VqAE and vqA) vqAE (vqE; of 


vVqAE=v/gE. 
A 


11. But Roots of a different kind Cor He- © 


terogeneal) are not multiplied or divided, © 


Z 


unleſs they be firſt reduced to the ſame kind, 
which 1s done by dividing the Indexes of 
both Powers propoled,by their greateſt Com- 
mon 


fi ny =o 
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mon Meaſure. And multiplying the Tndex's 
by each others Quotients, and the Powers 
themſelves into the Species, denominated by 
each others Quotient. Suppoſe the /qqro 
and y/ccy were to be multiplied or divided, 
firſt let them be reduced to the y/cccc 1000 
and y/cccc49, by cubing 10, and ſquaring 7; 
then multiply or divide. So v/qqA and 
v/ccBq are to be reduced to v/ccccAc and 
vccceBqq. As you may ſee in the following 


Praxis, 
v [12] 15900 v/ [12] 49 
a 


[2] ) At BY Gn os 
[2 al 


Again, If the V/c32 be to be multiplied 
by 2, for 2 take the y/c8, and by it multi- 
ply /c32, and the Product will be /c256 
=2XVC32. 

Alſo if the V/cz2 be to be divided by 2, 
for 2 take the /c8, and by it divide the 
Vc32,and the quotient will be Vee ” 
So allo == vaha=atthg=2a: 

F M 4 If 
I. 
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12. If the Root of a Power be to be much 
plied, according to the Exigency of its own 
Species, blot out the Lateral Note of the 
the Species, as Q : 9464, or C : Vc64 
15 64. 


13. And if the Root of a Power, whoſe 
Index is a compounded Number, be to be 
multiplied according to the exigence of ei- 
ther compounding Species. Let the Root of 
the other Species be prefix'd, the quantity 
remaining as it was. As 

Q v/cc64—vc64 and C. vccb4—vq64, 
for vcc=v/ [2x3]. 


14. It a magnitude of ſeveral Parts or 
Names be drawn upon it ſelf, one of its 
Signs being changed, it will looſe one of 
them. As 3+v5+v/2 upon 3+v5—/2 
=12+v/1$0, 


I. *Tis plain, that AMN. MNE : : Ac. 
Mc, by contiuual multiplication of the ſeveral 
Terms as they ſtand over one another, And 
becauſe AM N. MNE : : A.E; (as « plain 
from the multiplication of A and E upon MN 
ts make them); therefore A.E : : Ac. Mc. 
7, Com- 


COA Ro nu eagrny arar ye 
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7. Commenſurable Surds, &c. ] For as 


| their Common Meaſure, multiplied upon theſe 


| Numbers found, produce thoſe Surds, ſo the ſame 


o* = dab #4" 4 F4. FROINY 


1 Ts Ss MN \ 
- b WS. t6."; MA alt di 0 
os ONS ©; OSS, of 7 


Common Meaſure upon the ſum or difference of 
theſe Numbers found produces the Sum or Diffe- 
rence of thoſe Surds. 


10. Wherefore, &c.] For ſuppoſe 
A=bb EE Þ A—=vbb=b 

E=cc *®* VE=vcc=c. 

Then as AE=bbcc, fo the Roots / AxvV/E 


=bc=vbbec=y AE, and OLD 
VE c © 


11. If any one does but conſider the Nature 
of Powers, he will find no great difficulty in 
reducing them. 


14, You may ſet them thus, and multiply 


ther, 
3+ 5+v: 
= =& mn 4 NOS a 


9T3v5 
3/5TV25—v4 


9 fbv5+: vVa5=v4 i (=gmnmy) 
That is 12+4/36xv'5, 
Or 12+v 190. 


F 4 &T AP. 


T——— — 
_ — —_ 
_ - — ; _ 


—— w>—_— — = xe wm et a aw Aa ec v - 
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CHAP. XVI 


Concerning E 2 S ITIONKE) 


I. \ \ T Henſoever any Problem is prope 
poſed. Suppoſe the thing done, 


and having uſed a fit Raticcination, call th Þ 
ſought quantity A, or any other Vowel: 
and for the given Quantities put Conls | 
nants. 


* Fo 40 ow A TOI. FF 


' 2. Purſue the Queſtion as the matter wil 
give leave, and compare, add , ſubſtra&, 
multiply or divide, till at laſt you find ſome 
thing given equal to the quantity ſought, of} 
ſome power of it. 


=_ a6. pe 
£2 Mo wbothc 


- 


3. And becauſe at firſt the known and} 
unknown Quantities lie promiſcuouſly toge þ 
ther, the Terms are to be fo ordered, that 
What is given in meaſure be brought to one 
{1de, and the unknown or ſought Quants 
ties to the other. In doing which the five 
following Rules will dire&. 


2 4 Firſt 


| 
| 
; 
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4- Firſt, If the ſought Quantity; or any 
degree of it be in a FraQtion, reduce all the 
Quantities to one Denomination, ſo that 
the common Denominator bein dropt, the 
Equation may conſiſt only of the Nume- 
rators. 


As A—C=Aq+Bq+B+C. 
D 
Then DA—-DC=Aq+Bq+DB+DC. 


5. Secondly, If what is given in meaſure 
be mixed with the unknown Quantiies , 
tranſpoſe them both, changing their Signs. 

DA—DC=Aq+Bq+DB+DC. 

Tranſpole DC and Aq. DA—Aq= 
2DC+DB+Bq. Which rule 1s to be ob- 
ſerved in all Tranſpoſition. 


6. Thirdly, If the higheſt Species of the 
ſought Quantity be drawn upon any given 
Quantity, diyide the Equation by it. 

BAq|-BqA=Zc. 

Divide by B, Aq+F+BA=Zc. 


B 
7. Fourthly, If it happen that all the gi- 
ven Quantities be drawn upon ſome degree 
'of the ſought Quantity, divide the Equation 
by the loweſt Specics, according to the or- 
der of the Table. j 
$ 
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As Aqqþ+BAc=ZqAq. 

Divide by Aq AgFBA=ZqAq. 
And after this manner any Equation may þ 
be depreſſed, if all the Terms be divided 
by the ſame degree; as Ac+-XAqz=Ne, di- 
vide by A,and there will be Aq4FXA==Nc: 


A 
But if you divide by Aq there will be A+X 
= Which Operation will be of uſe in 


the numerous Reſolution of affeted Equati- | 
ons ; becauſe the fide is more eaſily judged of Þ 
in l:fſer than in greater Powers. C 


8, Fifthly, If any Quantity be a ſurd Root. | 
'TheEquation is to be purſued in the Powers | 
themſelves. vqBA+B=C. Andby Tranfſ- Þ 
qolition vqBA=C—B. Therefore being F 
Squared, ; 
BA=Cq—2CB-|-Bq, or 
A = Cq=2CB+Bq = 

B. 


Alſo yu : BA+CA :—D=B, or 2 
vu: BAþCA=D+--B. Therefore | 

being ſquared, BA+CA=Bq+2BD-+Dg, | 
or A=Bq--2BD+Dq._ t 


—  ———— — 


B+C. 


* 3 a &@ © an 


Laſtly, 
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Laſtly, Va—=vork, or by the 11. 


ded Bf Chap. 15. VocEm v cc4 Aq. Where- 
Nc: Sore Ac=108Aq, and A=108. 


-X 9 The conſtitution of Equations that con- 

fiſt of three Species, equally aſcending in 

; in he Scale, will appear from Se&#. 2, 3, 4- 
&. 11. For becauſe 


atr 

| of E Z—A=E (Multiply JA 
3 Z—E=A ) both E 
e A—-X=E) parts A 

ot. E--X==AC upon JE 


env WAnd ſo of the Z. and X., &c. 

ml. And there will ariſe ſuch Equations. 
' ZA—Aq=RF Aq—XA=4 

j ZzZAq—Aqq=Fq Aqq—XrkAgq=#q 
= ZAc—Acc=x#c Acc—XAc=Ftc, 
; Oc. ec. 


| ZE—Eq=#t Eq+XE=—=# 
Tre | ZEq-Eqq=#q Eqq--X. Eq=#q 
q, | ZEc—Ec=#&c Ecc+XEc=Ac 


c. Oc. 


When therefore an Equation is propoſed, 
Tonk ſting of three Species, equally aſcend- 
ing 
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ing in the Scale. You muſt ſuppoſe the a 
ſolute Quantity given, to be a ReRang|: 
under the ewo ſought Quantities ; Whethe® - 
they be, Roots, or Squares, or Cubes, & 
or whatſoever be the Power of the midd! 
Species. But in the middle Species, if th! 
higheſt Species be negative, the Coeffjcier 
is the ſum of ewo unknown Quantities ; an 
to be expounded of them both. If affirms 
tive, the Coefficient is the difference « 
them : And the Species to be expoundedt 
the greater, being negative, or of the leſk 7 
being affirmative. q 1 
Now the Sum and Re&angleoftwo Quaſ b 


tities be given, the Difference is alſo gwaP 
Or the Difference and ReAangle be give} 
the Sum 15s given. For by the 2, Chap. 1 7 


Q: 3Z ;—#=Q#$X ! e] 
Q:iX: +X&#=Q4Z "XL" 
Therefore Vu: *Zq—#=} C 
vu: ;XqpA=IZ. I ; 


And 2Z, and 3X of two Quantities bein} 7 
given, the Quantines themlelyes are giva# 


I. Rule. j2Z+ vu: iZq=E#:(5 )=2 


IL. Rule. Vu: $XqÞ#: 7) +iX=; 


vV 
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nd theſe two Rules will ſerve to ſolve 
{ ſuch Equations as conſiſt of 3 Species equal- 
{ ly aſcending in the Scale. | 

10. The Compoſition of the Six Bino- 


| * mials from their ſurd Roots. The Rule is 


ing; This 1s the ſecond Binomial. 


this: Z4-2&=Zq. But for Refiduals, 
tis Z—=2X—Xq. 


I. Example. Let the Binomial 4+v/1x 
be Squared. Here the Z is 16+-11=25: 
and X is V16xV11=v176; the double of 
# which is 704 Therefore the Square will 
Z be 29 +v/704. This is the firſt Binomial. 

” IL. Example. Let the former Bimedial 
} be Squared, viz. Vqq. 12-+Vqq*7. Here 


" Z is Vin+ty =, or Ws +2; that 15, 


the / **2 by 7. Chap. 15. And Þ is 
; Vqqizzv/ qq*z,or Vqqz xvqqu7—Vaqbr, 
© vis, 3- the double ot which 1s 6, 


Therefore the Square will be / +6 


II. Example. Let the latter Bimedial, 
be Squared , viz. 
Q 
Vq q 2+ vas Here Z is va 
4 v.15, or the VEE; that oy by 
7 Chap.ts, 
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7, Chip, 15. And A is the Vqg xVqy 


15, or the /qgg8oxvqqg ; thatis, Vqqqoe| 
viz. V1o. The double of which is the! 
v0. - 


Therefore the Square will be VE. 


VB8o. This is the Third Binomaal. 

In the Three following, which conſilf 
of Binomial and Reſidual Roots connec | 
As vb: AE:pl vr: AE: It is may 
feſt, that the 7. is 2A, andthe Z isv/Aq-P 
Eq. Wherefore, 4 


IV. Example. Let the Major be Squa 2 
ed, Vo: L+v/2: pl viitw?2. Here 
2 + 2 4 4 


WL. AY # . 4,49 _wÞ 
Sf; that is 7 And Xiwa: p 
that 15, wor viz; V5. The double of whictf 


1s the 209. Then the Square is 5+ v0 
This is the Fourth Binomial. 


V. Example. Let the Potent a Rational | 
with a Medial be Squared, wiz. vb : vi 
+1: pl. ve:4/5—1, Herethe ſum of the 
Squares 15 the /5+v/5, that is 20; = 
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EK is thev/5—1, that is, V4, viz. 2. There- 


fore the Square is 20-44. Thus is called 


{ the Fifth Binomial. 


VI. Example. Let the Potent, two Me- 


* dials be Squared, viz. vb: v/ 5+4/; : pl. 


viw/5-v3. Here Z 15 the v54+vs5, that 


” 154/20: and the Z 1s the V/5==;, that 15, 


v2 ; the double of which is the 8. The 
Square therefore is /20+v/8, This is call- 
w the Sixth Binomial. 


IT. The Reſolution of Binomials- In a 
Quadratick Binomial, the greater part or 
nomen 1s the Z., the lefſer 2X. But in 
the 2. Chap.g. we have this Equation. 


I [ - 
—f —F——X . VIL, —_ . A E . —_ 
4 F 4 q A Q + 

=Q A—E. 


Wherefore, if inſtead of A and E you 
take their Squares Aq and Eq, there will be 


I I 
7V AqTEq —Aqgte=" Q: Aq—-Eq. 
That is TL Eq="Xq From which 


Theorem 
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Theorem this Rule is deduced, for the A- 
nalyſis or Reſolution of Binomials, 


£ 
l 
t- 
'f oo. £3 08 [ 
a LEVg: 9 Aq: (=x )=#* : 


I. Example. Let the fide of the firſt Bi- | 
nomial be ſought, viz. 279+v704; which | 
conſiſts of theſe parts, 5-2. Wherefore | 
7, is , and XZ the Yes and - Zqi | 
2 2 4 4 | 


Mq 1s ' Mn thatis 2? ; the Root of 
4 #+<4 4 


which Ts _x. But by the Rule = +L — 
2 2 Sy— 


_ Fx ; * Therefore the Root is 4+v/11, 


And iscalled the firſt Binomial. 


I. Example. Let us find the Root of 
the ſecond Binomial, v6, vie. 7 


2F. Wherefore —Z 1s Fs and AXis 3. | 


I 
And + Zq—Eq is () =, that is, © 
3 i 
16 ; 


Now 


_ 
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Now the v S is - is =X.. But according to 
t47+ V4 _ vV 12. V qqi2 

the Rule v/ : _ 7 2b v27.v qqz7 
+ + 


Therefore the Root is V/ qq 12 +v a7 x 


And it is called the former Bimedial. 


Let - _ the Root of 
9 + Bo , Vit 


II. Example: 
the third Binomial v A 


Z 1-22. -Z is the 245 and the £v/29 


— (20) 


& Now the Sy 15 <X. But 4 the Rule 
I2 i 3 


and ' ,q—#q is >? that is, 


V145+v5=v30 . vqqso 
= 7 > Therefore 
V5 « Vqais 


LS 8 
the Root of this Binonal 1s var w_ 


Vaqqits. And it is called the latter Bimedial, 


G IV. Ex- 
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IV. Example. Let us find the Root of 


the fourth Binomial 9-v/20, vis. Z+2X, | 
Wherefore £2, is 3 5 and X is the v5. Þ 
and 4Zq=A#q is: *?— (5) *2 : thatis*?: Þ 


Now the v/*# 1s 3X. 
But by the Rule 


1-+4/290b : 7/29 


+Y/29=" 4 4 4 
7 7—v/29vr : 7—vV19 


2 + ® 4 
Therefore the Root will be vb, = v2? : 


pl: Vr..- v2. And called the Major. 


V. Example. Let us find the Root of the 


fifth Binomial / 20-72. viz.Z 4-2. Where- | 


fore */20 is thew5 : and X& 1s 2; and 


+zq—#q 155-4; that is,1 : Whoſe Root 1 Þ 


Is a” But lA <rog Vb. vb 
+1=v5-+r. I 

* vr jo *.bek 
Therefore the Root is /b: V5+1 : pl. 


— 


4r.v/5—1. And 15called the Potent, a Ra- | 


tional with a Medial. 


VI. Example. Let us find the Root of | 


the ſixth Binomial /20+v/8, wiz, Z++2A. 
Where- 


HH HHH - -X A ,j, + ku dd, * = 


©S ww 
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Wherefore 17. is V5; and the X thev:: 
and #7.q—#q 1s 5—2, that 1s 3; whole 
root V3 15 i = by the — 
4v4 2.5 V5 

VSIVIS prnwy;.vr. MA ch" 

Wherefore t':: Root of this Binomial 1s 
vb. V5+v3: pl rv 5—v3. 

And it is called th2 Potent two Medials. 


12. And here by the way we may learn 
the Conſtruction of a plain Re&angular 
Triangle. Becauſe Zq=X.q+4AE, wviz-, 
Hq=Bq+Cq. per 47 of the firſt Book of 
Euchd, Any wo Lines or Numbers being 
given AandeE, the f1des of the Rectangular 
Triangle will be A+E. A—E and v/4AE, 
or (inſtead of A and E, you take Aq and Eq) 
they will be Aq-|-Eq. Aq—Eq. 2AE. Viz. 
v 4Aq Eq Or, it you take two Numbers, 
2 and 1, the fides will be 3.1. /8. viz. 2+. 
2—1, v/4x2Xx1, or allo 5, 3, 4 viz. 4+1- 
2-1, and 2x 1 tWICE. 


13, Two Refangular Triangles being 
given, H. B. C. and h. b. c. to make a third 
of them, and that two ways. 

Firſt, Becauſe Bq=Hq—Cq, 

and bq=nq=— cq. 
Let chem be Multiphed upon one another 
and there will be Bq bq=Hq hq+Cq cg 
G 2 mk, 
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mi. Hqcq+-Cq hq. 
But Habat-Ca cq+2HChc=Q.Hh+Ce. 


And Hqcq-Cqhq+2HChc=Q.Hc+Ch. : 
Subdu& one Square from another and | 


there will be Bq bq=QHh-+Cc * mI. Q: 6 


Hc-}-Ch. 

And fo of theſe is made a third Triangle 
Bb. Hh4-Cc. Hc+Ch: This is the fir 
Rule. In Words thus : 


For the Baſe of the new Triangle, take | 


a ReQangle of the Baſes: For the Hypote- 


nuſe a Rectangle ofthe Hypotenuſes increaſ- | 


ed, with a Rectangle of the Catheti. 
For the Cathetus : A Rectangle made 
by the Hypotenuſes of the firſt and the 
Cathetus of the ſecond increaſed with a 
Rectangle , made by the Cathetus of the 
firſt, and the Hypotenuſe of the ſecond. 
Secondly, Becauſe Hq=Bqj-Cq 
| hq =bq-cq _ 
my them upon one another ; there will 
be Hq hq—Bqbq-|-Cq cq pl. Bqcq+Cq bg. 
But Bq bq+Cqcq—2BCbc=Q.Bb—Cc. 
And Bqcq-Cq bq-2BC bc=Q.Bc-+Cb. 
Add theſe together, and there will be Hq hq 
==Q:Bb—Cc:pl.Q. Bc--Cb And ſo of thele 
is made a 3d. Triangle, Hh.Bb—Cc.Bc+Ch. 
T his 15 the ſecond Rule. In Words thus. 
For the Hypotenuſe of the new Trian- 
gle take the ReRangle of the — 
or 
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For the Baſe; a-ReRangle of the Baſes 
leſs by the Re&angle of the Catheti. 
For the Cathetus ; a Recangle made 
by the Baſe of the firſt, and the Cathetus 
.of the ſecond , increaſed with a ReQ- 
angle made by the Cathetusof the firſt and 
the Baſe of the ſecond. 


14 If the fides of a ReRangular Tri- 
angle be Multiplied continually according 
to theſe two Rules, the firſt Multiplication 
will make a Bicompoſit Triangle, the ſe- 
cond a Tricompofit, the third a Quadri- 
compolit, &c. 


Example. Rule I. Bb. Hh+Cc. Hc+Ch. 
B. H. C. A ftimple Triangle. 
B. H. C. 


Bq. Hq-+-Cq.2HC. A Bicomoſic Triangle. 
BH C 


Bc. He+HCq. 2HqC 
2HCq HqC+-Cc 


Be. He+3HCq 3HqC--Cc. Tricompolit 
Ex: 8” 


Bqq. Hqq--3HqCq. 3zHcC-HCe 
_Cqqt3HqCq. HcC-+3HCe 


Baq. Hqq+6HqCq+Cqq.4HcC+4HCe, 
B H C, & 


cv 
Quadrigompolit. : 
G 3 Ex- 


b oF #9 — 
l . 
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Example. RulelI. Hh. Bb—Cc. Bc-+Ch. 


H..B. ©. Simple. 
H Bo 


 Hq. Bq—Cq- 2BC. Bicompotit. 
B C 


H 
- Hc. Bce—BCq. 2BqC 
—2BCa BqcC - Cc 


& - = BCq. RO Tricomphi, 


 Hqq. Bqq3BqCq. x = 
Cqq—+«BqCq. BeC—3BCc 


—_ CSCO 4Bc' ;— 4BCc. 
B C. *c Quadricompoſte. 


NOTES. 


9. In which there are Three Species,&c.] 
That 1s, if the Exponent s of the unknown Onas- 
tity be in Arithmetical Progreſſion. As AA.A.1, 
Whoſe Exponents are 2. 4.0. or Aqq. Aq, 1 
whoſe Exponents are 4. 20, and the like. 


Now the Sum and Recangle, &c.] For 
becauſe Q. 37, ;: —AF==Q. 3X. Or which s 
#ll one, *Zq : —K=Xq Wherefore 
Vu: $Zq—E=v/3Xqz=;iX. © © 


Again, 


=y *T 'F E Ma. SS | 2 


_ , 0 
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Again, Q3X : +&=Q. 3Z. Or which 


| ir allone, * Xq-|-F=3*Zq. Therefore 
' Vu: 2X EVIZq=tZ. 


Io. "Twill not here be @ miſs to take an 
Example or two. 


The Fifth Example is this, 


vb: v5+1: pl. vr. /5—1, and (as hath 
been obſerved) Z=2A and £—v/ Aq=Eq, 
Therefore the Z—=2v/5 ; that is the V/20. 


( For ſuppoſe 20 in Square 1 the vs 


will be half the /20, and 24/5 the 20; 
as appears from the Figure;) And the 
K=y/ 5—1. For (as was before faid ) 
KE=vV Aq—Eq. and 5=Aq and 1=Eq. 
Therefore /5—1=v Aq—Eq. 


The Sixth Example is the. 


vb: vV5+v3 : pl. v5-v3- Here again 
for the ſame reaſon, Z. 1524/5 3 that 1s, 20: 
and the A& is /5—3 ; for 5=AA and 
3=EF, 


G 4 CHAP; 
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CHAP. XVI. 


4 Second Tnſpetion of the latter Table | 


in the 12. Chap. 


I, A LL the Species of Powers ariſing Þ 


from the Binomial Root A+E are 


Affirmative. Every other Species of Powers, Þ 


ariſing from the Reſidual Root 15 Negative. 


As the Q : A—-E : is Aq=-2AETEq | 


andthe C:A—E: is Ac—3AqE+3AEq-Ec. 
And the QQ: A-E : Aqq—4AcETFT 
6AqEq=4AEcÞEqq, &c. So that it 


you take the Alternate Species of any Power | 


and make two diſtin Sums of them, theſe 
Sums conne&ted with the Sign of the Root, 
will be the Power of the Root it felt. And 
this 1s the Conſtitution of Binomials and 
Refiduals, Quadratick and Cubick, &c. 
2. Wherefore the Difference of the Parts 
of a Binomial or Reſidual Power is ths 
homogene Power of the Difference of the 


partsof the Root. As Ac]-3AEq mi. 3AqE | 


ÞEc,or Ac+;AEq—-3AqE-Eq=C.A—E. 


3- And the Difference of the Squares of | 
the parts of a Binomial or Reſidual Power, is | 
the homogene power of che Difference of the | 


Squares of the Parts of the Root, As 


LUKE TIFTIECWYW SD TY 
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Q: Ac+;AEq mi. Q, 3AqE+Ec is 
C: Aq-Eq. 

For according to the Example of Rule I. 
in the 16. Chap. Set. 14- It A be the Hy- 
potenuſe of the Triangle, and E the Ca- 
thetus , and Aq—Eq the Square of ithe 
Baſe. The Theorem may otherwiſe be ex- 
preſſed thus, 

Q. Hc+-3HCq: mi : Q. 3HqO-Cc= 

C: Bq=Q : Bc, Theretore, &c. 

4. But it the Species of which thole Parts 
confilt, be alternately Affirmative and Ne- 
gative, the Sum of the Squares of thoſe 
parts is the homogene Power of the Sum of 
the Squares of the parts of the Root. 

As Q. Ac—3AEq- pl. Q- 3AqE—Ec 1s 

the C : Aq+Eq. 

For according to the Example of Rule TL. 
Chap. 16. Sef.14. It A be the Baſc of the 
Tangle, and E the Perpendicular , and 
Aq+Eq the Square of the Hypotenuſe, 
—— may otherwiſebe exprelled thus; 

. Bc—3BCq. pl. Q. 3BqC--Cc= 

==C He © Therefore, Oc. 

F. All the Intermediate Species of every 
Rank, are allo Powers of mean Proporti- 
onals between A and E. For between Ac 
and Ec there are two mean Proportionals, 
AqE and AEq; which are alio Cubes of 
M and N: So that A. /cAqgE. v/cAEq. E. 
ae 1n continual Proportion, vis, A,M.NE. 
For 
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For AqE=AMN==Mc and AEq=MNE 
—Nc. And from henceyou may learn to 
find as many mean Proportions as you pleale. 
If you would find Five, the Power muſt be 
the Sixth, or cc; the Index of which ex- 
ceeds, by one, the number of mean Pro. 
portionals ſought. 

And they wi!l be A. /ccAqcE. v/<cAqq. 
Equ/ccAcEc. v<cAqEqq. v/ccAEqc. E. —. 


6. Every intermediate Species is made of 
the two Powers of the Parts of the Root, 
whoſe Indexes both together are equal to 
the Index of that Power to which it belongs, 
But the diſtance of the middle Snecies from 
the Extremes, 1s equal to the 1;zaex of one 
of the foregoing Species on the one hand, 
and the other on the other of which it is 


Compounded ; and between which it ſtands, | 


viz. AqEc is made by Aq upon Ec, and is 
the third from Aqc, and the ſecond from 
Eqc. 


A Conſe&tary. And hence it 1s eaſte to 


conſtruc the Power of any Binomial Root | 


given, having found all the mean Propor- 


tionals between each part of the Root, and | 


that Power of each which you are to Con- 
ſtruct. For Example ; Let the fifth Power 
of A+4/A be Conſtructed, the Cube will 
be AqetT 
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; pe 

' 5EqA plus Aq lo Ac 

wv EAgcct = wv EcAggq 

10 EcAqg+ E,) mc. SEqA 
VEqc. "14/XqAc. 


; 


Which is a Binomial Quadrato-Cubical. 
7, If any Specics be multiplied upon the 


' E, the Product will be a middle collateral 


| 


' Species, in the next row ſave one, and e- 


qually diſtant in number from the two Ex- 


* (reMmCsS+ 


AcxE is AqqeE, which is the firſt in or- 
der after Aqc, and the fourth from Eqc. So 
AcEx/E is AqgFq, which 1s the ſecond from 
no. _ the fourth from Ecc: And fo of 
the reit. 


$. If any Species be multiplied by A—E 
or X, the produ&t will be the Diffterence 
between thole two Species in the row 
following it that lie next it, one on one lide, 
and the other on the other. As 


| AcX=Aqq-AcE. AqEX—AcE—AqEq. 
' AEqX=AqEq - AEc. EcX=AEc—Eqq. 


Hence if all the Species of any Rank be 
multiphed by X, the Difference of the two 
extreme 


92 Mr. Oughtred's Key 


extreme Speciesof the next higher Rank mill 
roduced. | 


As Ac4-AqE-AEq+ExXis Aqq—Eq} % 


9. In thoſe Ranks which ſtand in oF 
places, or have odd Indexes, ( {,c, qc, &c) 
the ſum of the ewo extreme Powers: ButinÞ 
thoſe Ranks which have even Indexes (4, 
7 cc.&c.) the Difference of the ſame is mad: F 

y AE, drawn upon each Species of th; 
lower foregoing Rank, having their Sign 
alternately, affirmative, and negative. 

As Ac+Ec is made by Aq—AE-E 
drawn upon AE. And Aqq—Eqq 15 mat 
by Ac=AqE+AEq—Ec upon AE. 


upon two contrary Quantities, the produced 
Quantities will be contrary. As Ag 4 
2AE-+Equpon A—E makes Ac—3 AqE+ 
+2 AEq—Ec. Butthe ſame upon —A-+! 
makes —Ac-+3AqE—3AEq+Ec. 


11, The Uncizor Numbers perfixed tothe 
ſeveral Species are numerarie Figures. Alf # 
under A and E are laterals ; all under Aqf ;, 
and Eq are Triangulars; all under Ac andÞ 
Ec are Pyramidals; all under Aqq and EqqF 
are Triangulo-Triangulars; all under Aqc 
and Eqc are Triangulo Pyramidals; all ; 


be 
10, If the ſame Quantity be multiplied x 
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der Acc and Ecc are Pyramidi-Pyranudals, 
Eqvf Oc. 


ou 12. If a Root conſiſts of three parts 


=} A.EL 

hi. £ AcEc. Ic 

4. | 2 JAqz2AE o JJAQE. 3AEq 

* th Eq, 2El G 3Aql. 3Alq 

180 © \lq, 2Al 3Eql. 3Elq 
_ 6AEIL, 

"ly 


Nat And Note, that if any Species, the num- 
| ber of negative Sides be odd, the Species will 
| be negative; as Q: A+E—l: 15 Aqp2AET+ 
2AE+Eq—2EI--lq—2Al, and the C: A 
uced | | ts is Ac+3AqE+3AEq+E+3EqdL 
 +3Elq—Ic—3;Aql+3;Alq—6AEL 
, 


+ NOTES. 


3. If you Square Ac+-3AEq, and Square 
the ;zAqE+Ec , and ſubſtratt the latter from the 
Al former, you will then find the remainder equal 
A | tothe Cube of AA—EE. 

Eqldf «5, Which are alſo Cubes of M and N.] 
Ach re there be A.M. N.E —, then there will be 
ut AMN==Mc, and MNE==Nc. For AN= 
Gy =Mq, and therefre ANM= Mc ond 
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ME==Nq, and therefore MNE=—Nc, $ 


here multiply A and CAqE and v cAEq con 


rtinually; or which 1: all one, /CAAA and 
vcAqEand vcAtq continually, and there will 
ariſe VCAAAAAAEEE=—AAE,, Likewiſ, 
multiply /cAqE and /cAEq and v/cEEE ca 
tinually, and there will ariſe Vc AAAEEEEEE 
=—AiE, Therefore they are in continual Pro 
portion, 


CH AP. XVIIL 
Of EQUATIONS. 


7. T'Rom the firſt and moſt eafte Equa- 

tions, Which are nothing but either 
expolitions of the Terms or fimple Aﬀe 
ions, ( ſuch as are thoſe of Chap. 11. 
27,—E—3X, and ;jx+E=ZZ,, &c.) innu 
merable others may be deduced by Addition, 
Subduction, Maltiphication, Diviſion, Tranl- 
policion, and Interpretation; by taking that 
which 1; found equal to ſomething elle, in 
the room of that to which it is found equal, 
Which Analytical Furniture is not leſs pre- 


cious than plentiful z of which I ſhall give |} 


you ſome of the moſt chief and necellary 


ones. Many more may be found by a Stu | 
dent of this Art. And whereloever, enher | 


mn 


by 


ns. 


LL. 3 
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| in Arithmetick, or Geometry, or in any 


other Art, he ſhall meet with a quantity 
equal to another, that is the ſame quantity 
diverſly expreſſed. He muſt all manner of 
ways diſcuſs and vary chat equality, that he 
may find a new Inſtrument that may be 
uſeful ro him, which he 15 to keep in ſtore, 
and (as he ſhall have opportunity ) to bring 
forth for the help and advancement of this 


Art. 


2. Q:1:=9Q:3:&ec. C:r=29 C:*: 
Q:1:=$0:3:0c Cr:=S C:3: 
Q:1.=;Q: }:&e. C1=* C3: 
aQ: 1 =$333Q;:;& ;C:r:=;jxYFC:: 
3Q. 4:=2x1 6Q:1 Oc. 5C.4;=2x64C:5 

3 : 


3. If a Line be biſefted and otherwiſe; 
the ReRangle under the unequal Segments, 
is equal to the difference of the Squares of 
the Bilegment and the Interſegment; 5. e. 
of half che ſum and half the difference of 
the Segments, 5 © 2. AE=Q: 4A-+#E : 
= Q: *A—3E, and that is AE=i\Zq= 
4.4. 


4. If a Biſefted Line be increaſed. A 
ReQangle under the whole increaſed, and 
the augment is equal to the difference of the 


Square 5 
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Squares of the Bilegment increaſed, and the 
Biſegment 6e 2. A+E upon E=Q: tA 
+E: mi Q:3A. And A-þE upon A= 
Q:4E+A; miQ: ZE. 


Therefore the ſum of three =, (AqF+A | 
E+Eq) with either of the Extrems being | 


given, the-other two are given thus: 


Vu: Aq+AEÞ+Eq=—;Aq: mi tA=E 
vu: Aq+AE-+Eq—iEq: mi S$E=A. 
For Q: 3 A+E: =tAq|AE+Eq. 
And Q:iE+A=Aq+AE+;Eq. 


5. If you divide a Line any where,the Sum 
of the Squares of the whole, and of one Sep- 


ment, 15 equal to the aggregate of the Square Þ 


of the other Segment, and a double Re& 


angle under the whole Line, and the for. Þ 


mer Segment, 7 e2. Zq+Aq=2ZA Eq, 


2nd Zq--Eq=2ZE--Aq. Wherefore | 


2ZAEq—Aqz=Zqz2ZE-{-Aq—-Eq. 


Vs WIENFEE” 


6. If a Line be divided any where and | 
lengthened with either of the Segments, | 


four ReQangles under the Line ſo divided, 
and the added Segment is equal to the Dit- 


ference between the Square of the whole line, 


ſo lengthened, and the Square of the other 
Segment, $e 2, Q : Z+E : —=Aqz4qZE, 
and Q: Z-+A ;—Eqz=4ZA. Y 


AP 3A & mu 


- SH <þ- 


iz 


<rX 
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R 7.1t a Line be divided into ag and into 

\ unequal Segments, the Sum of the Squares 

— © of the unequal Segments, is equal to twice 
the Sum of the Squares of the Biſegmentand 

A Interſegment, 9e 2. 

g | AqtEq=z2Q:+A-+E : +2Q. 34A—;E. 


8. If you divide a Line equally and add a 
Line to it, The Sum of the Squares of the 
'' | whole, fs lengthened, is equal to twice 
* the Sumt of the Squares of the Biſegment fo 

+ lengthened, and the Biſegment 10 e2. 
| Q: A+E:+Eq=2Q: +A+E:+2Q:3A: 
m þ Q: A+FE: +Aqz=2Q:3E+A:+2Q:1E: 


re Þ 9. Aqz=ZA—AE=XASAE=jZA+ 
& | SAY Z—E: =Q: E+X : =2—Eq=z 


q, | And Eq=ZE—AE=AE -XE=;ZE—- 
re | IXE=Q : Z—-A : =Q. A—X=Z—Aqzx 
| Aqg—X. 


nd Þ . 19. E=iZq=—iXq=ZA—AqZE— 
ts, | Eq=Aq—XA=Eq+XE=3Zq—12—=3Z 
d | —=$Xq—$ZA-3XA—ZZE+1XE. 


co 
= 


| 1. z=AqbEq=Zq—2AE =2AE-L- 
ve wi ors Es = As 
AZTLE ZZ ACN: % 2IVL—E_= 
MPH: Zi 2 Qs TX: This 


Con- 
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Conſe&tary may be drawn from the two 
laſt Equations, viz. If a Quantity conſift 
of the - Squares of two other Quam'ities, 
its double will conſiſt of two Squares, name- 


ly, of the Sum and of the Difference. And | 
its half will conſiſt of two Squares, namely, F 


of half the Sum,and half the Semi-Difference, 

And X,—=Aq—Eq=ZX=2ZA—Zq= 
Zq —1ZE—=1XA—Xq=2XE+FXqeZA 
—ZE—=XA+XE=Zq— 2ZE—ZA+XE 
—A—=XA2F—ZE=Q: A+2zN: mi: 
Q. 2M-+E. 


12. Q: $A+3E: =Q:*A—E:; +E&. 
And Q. ZA—$+E=Q: 3A-þjE: —&. 
For ;Zq=;jXq+A&. 


13. 2A+:E upon A=2Aq+2AE=Zq 
-x.9. And 2A—2E upon A=2Aq=2AE 
==X.-|-Xq. And 2A-+2E upon E2AE 
+2Eq=Zq—XYk.. And 2A—2E upon E= 
2AE —2Eq=X.—Xq. 


14 X.q=ZqXq=Z7-2 upon Z—-2E 
=Zq—4Aqtq- 


15. Z£=AqEJ-AEq. AndX&=AdE | 


—AEq. And L&=AcE+AEc And 
x. f==AcE—AEc. Wherefore Z+3ZE 
=Zc. And Z—=3XA==Xc, So-that Z4 


OY * &; ay TDN et 


| 
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=7-FZF=Ac+AqE+AEq+Ec. And 
ZX=X0 — X&E=Ac — AqE+ AEq=Ec. . 
And XZ=xX E=Ac+AqtE—AIq= 
Ec. And XX==Z—ZX&=Ac—Aqrt— 
AEq+Ec. Hence ZZ+x.X==27. And 


| XZ+ZX=2%. And ZZ—X,XaZEÞ, 


And X.Z- ZX—2XAF. 
16. Ifina Circle 5 beto24 ; :8.n:; 


112. 258. then 
| nn-gy 


: 22R. P. Periph. 
a7 : :; Rq. Circle. 
9.7.: : zRc. Cylind. 
9.7 : : FRc. Sphar:. - 
9.7 : : 3Rc. Cone. 


And 


T,& :': 2PÞ. R., Semidiam. 
7.9 :; : #Pq. Circle. 
7q.9q : : 4PÞc, Cylind. 
7q.oq * : 4PÞc. Sphzr. 
T9.9q : : Pc. Con. 


' 195: Moreover theſe Problems and Theo? 


| rems are to be underſtood. 


Theorm 1. Thoſe Triangles are equal, in 
which either three Sides, or two with the 
Angle made by them, Ly two Sides with 

2 an 
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an Angle oppofie tothe fame Side, fuppolt 
bp bean Ang? oppolateto, the thigd Sigh 
the ſame kind: Or two Angles with the 
Side that lies betwoen them, or two Angles 
with a {ide fubteaded to the ſame Avgk, 
arg equal. 4.8. 3601, 
Theor. 2. Plain Triangles are kke, if they 
are Equiangular, or have all their f1des pro- 
portional, . og. have one Ange qv. apd 
another berween proportional Sides, and 8 
third of the ſame kind z 4. 54 6+;7- 4 & 
Theor. 3. In every Triangle the greater 
Side is ſubtended to. the greater Angle, and 
the leſſer to the lelfor, and = equal (ide to 
the equal. 18. 19. 41. - © 
Theor, 4. Two right Lines are Parallel, 
if a right Line cutting thegzmakes either the 
alternate Angles, or the external and inter- 


nal, oppoſite Angles, or: the 'twe internal | 
of the ſame de, equal to two-right Angles. | 


And on the contrary, 2%. 25: 2% 39. © I. 
For parallel Lines axe as. is ware one broad 
Line. 


ace.equal io wo. right Avgles and thor 
a —_ the wo. wiergal, 2nd 
oppoſite Angles, 3 2.e 1, 

Theor,6, W aright Lins drawnfrom the Cen- 
ter, Cut arightLige inſcribed, 1p the: Carclen 
half, it will alle cut, it a4 right Angles, 3. 43: 


eor. 7. 


Theor, 5. The three Angles of a Triangle | 


wn _ = 


av 4c tc —_— 


"ni. nj 


—_ 
— 


O = Og b 
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Theor. 9, AP dicular eo the end of 
the Diatreter, s a Tangent to the Circle by 
the 16, 18. 19.44. 

Theor. $. The Angle at the Center is e- 
qual to twice the Angle at the Circuinfe- 


rence, 
Theor. 9. In the ſame Circle or in equal 
Circles, the Angles upon equal Arches are 
equal, 2t @ 4. os Ee. 

Theor. 10. An Angle in a Semicircle is 
a right Angle, 31023. | 

or. 11, If froma point of the Circumfe- 
rence two right Lines be drawn,onetouching 
the Circle, the other cutting it. The meaſure 
of the Angle comprehended between them, 
will be equal to half ſo much of the Circum- 
ference as is cut of, 3 2 3. 

Theor. 12. Triangles or Paralellograms of 
the ſame heighth, or between the ſame pa- 
rallel Lines are to one another as their Ba- 
ſes, 35, 36,37, 33, © 1. Andie. 

Theor, 13. Ifa right Line divide equally an 
Angle of a Triangle, it will cut the Baſe 
into parts proportional to the Legs, 3 e 6. 


| Theor, 14. LetanyRed- A. 
angler Triangle be noted, 
'F with the Letters -A B C. 
| Sothat A ſtandgattheright CP 


Angle, and BA may denote the Balts, and 
CA the Cathetus, and BC the Hyporenuſe. 
H 3 Theor. 15+ 
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Theor. 15; In ſuch a Triangle, a Perpen- 
dicular from the right Angle upon the Hy- 
uſe, divides the Triangle into two Trj- 
angles like to the whole, andto one another, 


$026. 
BC. BA.CA :: BA. BP. AP ;: CA. AP. CP. 


WY WY. WY Wy 
The Hypot. The Baſes. The Perpend. 
Herice, 1- the Perpendicular is a mean 
proportional between the Segments of the 
—_— and therefore the Square of the 
Cathetus is equal to a ReRangle made by 
the Segments. Viz. 
BP, AP. CP. and APq—=BPxCP. 
2+ The Baſe is a mean Proportional be- 
tween the Hypotenuſe, and that Segment of 
it, which lieth next the Baſe, wiz. 
BC. BA. BP. 

3* The Perpendicular is a mean propor- 
tional between the Hypotenuſe, and that 
Segment of it which lieth next the Cathe- 
tus, viz, —BC. CA. CP. | 

4 The Square of the Baſe and Cathertus, 
are as the __— of the Hypotenuſe 
whichlie next them, BP, CP : : BAq. CAq. 
For BP. CP:: BCxBP. BCxCP :: BAqCAg. 

5. The Squares of the Hypotenuſe is equal 
to _ St of - wy 4 Cathetus to- 
gether. =BAq q. For Bcq= 
BCxBP-FBCxCP=BAq+CAgq. on . 
| | mY cor. 16, 


-3-3-3-1-3-3- EXE. 


th 
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Theor. 16, If two 
nght Lines inſcnb- 

in the Circle, in- 
terſe& one another 
within the Circle,in 
the Poine ( A.) A 
Rectangle made by 
the Segments of the 
one, 15 equal to a 
Recangle made by 
other, 35 £ 3- Burt 
the Segments of the 


C 


other if they interſe& one another without 
the Circle in the point E. The Re&angles 
made of them both from the poine to the 
Convex and Concave of the Circle are 
equal; *6,37,e 3. (1. ) ABXAC=ADxAF. 
For the Triangles BAF. DAC. are like: 
(2) EBxEF=EDxEC, For the Triangles 


BEC. DEF are like. 

Theor. 17. The 
inward oppoſite an- 
ples of a four ſided 
Figure inſcribed in 
a Circle, are both 
together equal to 
two right Angles. 
And it you draw 
two Diagonals, the 


PW rao. © 


D 


etangle made by the two Diagonals will 


R 
be equal to the two ——_— made by the 
4 


op- 
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oppoſite Sides. I ſay, ACx*:BD=ABxCD 
3 ADxBC. For making DAE=CAB. The 
Triangles ACB. ADE are like, and ADC. 
AEB are like allo. | 


Wherefore AC. CB : : AD. DE 
AC. CD : : AB. BE. 


Therefore, &c. 


Theor. 18. If a Co 
Perpendicular be 
drawn from any 
Angle of a Tri- 
angle inſcnbedin 
2 Circle to the 
oppoſite fide, as B 
that Perpendicu- 
lar is to one Leg 
ofthe ſame angle, 
ſo the other Leg is to the Diameter of the 
Circle, viz. CE.CB : : CD.CE. For the 
Triangles ABC. DCE. are like. 


Theor. 19. Triangles having one Angle 
equal, are to one another in a Ratio com- 
pounded of their Sides, 23. e 6. 


Theor, 20, 


LO, 
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B 
A. 
y 27 
c SJ). 
F K /© 
G 


IL 


Theor. 20. If (any fide of a Triangle being 
taken for the Baſe, and the other two ſides 
for the Legs) a ReRangle made by half the 
Sum and half the Dilirence of the Sum of 
the Legs, and the Baſe be drawn upon a 
Re&angle made by half the Sum and half 
the Difterence of the Baſe, and the Diffe- 
rence of the Legs. The Square Root of 
the Produ& will be equal to the Area of the 
Triangle. Let the Triangle be BCD, the 
Legs BC and BD, the Baſe CD. Let the 
3 Angles be Biſe&ted, Bl. CI. DI. concur- 
ing in I, From whence draw the Perpen- 
diculars IA. IE. 10. There are then with- 
in the Triangle BCD, 3 pairs of equal Tri- 
angles. Wherefore if to the Legs BC there 
be added direly CF=DE. 

There will bz = 
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BE=C++BD++*CD. And 
BA=BF=-CD=3 2>BD—-3CD 
AC=BF—BD=1CD+5BC—:BD 
CF=BF—BC=jCD—iBC+;BD 
BG being drawn =BF=. and CK=CF, 
Draw the Perpendiculars FH, GH, KH: 
and produce Bl to H. Becauſe the Angles 
FCK-+FHK= to two right Angles =FCK 
-ACO, and Ang. ACO-+AIO= 2» right 
Ang. Therefore the Quadrangles FCKH 
AIOC are hke, and the Triangles CFH, 
IAC are hike the Triang. BAI, BFH are 
like alſo. Now I ſay, that the Square of 
the Area of the Triangle, viz. BFqzIAq 
—BFxBXxACxCF. For 
IA. BA : : FH. BF. And 
IA. AC : : CE. FH. Therefore 
IAq«zBE=BAxACxzCE. 
Now Multiply by BF, and there will be,&c. 
Probl. t. From a giwen Point, or at a 
diſtance given, to draw a Line parallel to 
a 1ight Line given. This is the 31er. 
Prob. 2. A right Line being given, from a 
given point 1n it, to ere a Perpendic. 11e 1. 
Prob. 3. From a given Point, without the 
Line, to drop a Perpendicular to it, 12 e 1, 
 - 
Prob.4. From the point 
given A, without the 4 
Circle C,to draw a Tan- 
gent AT. 17ez. 


_ jv BD x oF Fr = 9s +3 


of the Mathematicks. IO7 
Prob. 5. Three right Lines being giyen, 
find hn Proportional, 1 2 26. M 
Prob. 6. Two right Lines AB, AD, being 
ven, to find a mean Proportional, 1 3 e6. 
Prob. 5. Two right Lines *£., = 
AB, AC, or AD, ACbe- © %,n 7, 
ing given, to find a third | 
in _— Proportion, 
11 e6. 


Prob. 8. A Triangle being 
given, whoſe heigth is AC, 
and whoſe half Baſe is AB, 
to make ADqequal to it. 


Li) 
S$ #$ 
-% 
# C 


B 
Prob, g, A Re&angle being given, tomake 
another ReCtangle equal to 1t, with a given 
fide, 1446 © 
Prob. 10. A Triangle 
ing given , to make 
another equal to it, of a 
iven heigth, From the 
eighths A and &,let thz 
parallel Lines AS and 
«B be drawn to the op- 
polite Angles, 


Prob. 11, A Poly- 
gon being given , to 
make a Triangle equal 
0 It. 
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Prob. 12. Three points being given, not 
lying in a ſtreight Line, to draw a circum. 
" indo through them. 25 2 3. 

Prob. 13. The Baſe and Gatherus of a 
ReQangular Triangle being given, tw find 
the Hyporenuſe, or to add the Square of 
one to the Square of the other, 

Prob. 14. The Hypotenuſe and Baſe be. 
ing given, to find the Cathetus, or to take 
the Square of one from the Square of the 
other. 

Prob. 15. To find the Ratio of two lik 
Figures, find a third Proportional Aq, My 
:; AE. 

Prob. 16. A Figure being given, to make 
2 like Figure in given Ratio, find a mean 
Proportional R. v/RS :: A. M, if the Re 
tio of the Figures be as R. S. 

Prob. 17. Toinſcribe a regular Hexagon 
in a given Circle, 15 e 4. 

Prob. 18. To inſcribe a regular Decagon 
in a given Circle. Let the Semidiameter 
of the Circle be cut in extreme and mean 
Proportion, as the 112 2 diced. 

Prob. 19. To inſcribe a regular Pentagon 


in a given Circle, find the Hypotenuſle of 


a Rectangular Triangle, whole Baſe is the 
fide of an Hexagon, and the Perpendicular 
the fide of Decagon. 


NOTES. 
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NOTES. 


4 The Sum of threg Quantities in con- 
ud] Q: HAFESTAA AE EE, 
on which is all one, Q, 3 AFE=IAA (AA) 
+AE-EE—tAA. © Thes $A+E=vau : 
AA+AE-+HEE-SAA : 

Ez=vyu : AA AE+EE—+A. a-VC 
the —__ manner there will be found A—x 
AMT. 


heh ytnady XQ: 2M—E : = 
q t appears thus, 
eha M=>cAqgqE 
=v/cEc And N=vcAEq Then 
A=—1N=vchco2vcAEq. And 
M—E=1v cAgE—vVCEc. _ So that 
: A—2N : =vVcAcc—4vcAqqEq+ 
4v/<AqEqq- 
Q 2M—E » nk bv/chedie—at 
AgEqgg. Wherefore 
Q: A=2N+Q : 2M=-E : =AqþEq. 


16, If in a Circle, &c.] 
9, Tao 2R. Þ. 


| *1R *+R 
"$.z;; RR. *RP. 5. 6. the Circle. 


*R *2R 


on 


in vc rleny ſerting the firſt Proportion. 
_— T. @(: t2 3 
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8. 7 : : 2RRR. RRP. 5. e. the Cylinde' 

3. 7 : : *RRR. ;}RRP. 5. e. the Sphere » 
becauſe the Sphere is ; of the Cylinder; 

9.7 :: JRRR.{RRP. &« e. the Cone, be. 
cauſe the Cone is + the Sphere ; and becauſe in- 


(: 3 ÞP, 2R):- 3Þ:R 
x2 Px3P, 

T. © : :; 3PP. *RP. thtCirch 
*xX*4\ xP *R 
mT, 0\d\ :; *PPP.RRP. the Cylind, 
T7, &d\ : ; $PPP.;3RRP. the Sphere, 


77, d\d\ ; ; APPP.3RRP. the Cone. 


Theor. 20. ] Here you have theſe Proportions, 

TA. BA : : FR. BH | 
IA. AC : : CF. FH. Therefore 
IAzBF=BAxFH: And 
IA»FH=ACxCF. 

Multip.'em,L AqzBFxFH=ACxBAxFHxCF 

Divide by FA. IAq«zBF=ACxBAxCE. 

Multip. by BE.l AqzBFq=ACxBAxCEFxBE. 


Prob. 18.] This depends 
upon the gth, Prop. of the 
1 3th Book cf Euchde,which 
ſaith, that if you joyn BE, 
the ſide of an Hexagon to Aj 
AB the [ide of a Decagon, 

(as in the Figure) that AEis $0 BE ;: BEAB. 


Hence 


GX) hana! 


\B. 
nee 
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Hence it follows, that if you drvide the Se 
widiameter in that which is called extreme and 
mean Proportion, the greater Segment will be 
the ſide of the Decagon. 

For lis ABbe =a 
BE =» 


HAnd aa==bb--ab. Therefore alſo b is 
toa :; : a bta. That is, the Radius is to 
the fide of the Decagon : : as the ſide of the 
Decagon to the remainder. | 

Prob. 19.] This is that 11 © 4 But con- 
m_ this matter, ſee Barrow's Euclide, Scat 
oe 13. 


CHAP. XIX. 


Examples of Analytical Equation, for 
Inventing Theorems , and Solving 
Problems, at which Mark (as it were) 
the Precepts hitherto delivered, do 
principally aim. 


Pr: 1. The Invention of the 11 E 2, viz; 
cut B, a right Line given, ſo that the 
ReRangle under the whole B and the leſſer 
Segment, may be equal to the Square of the 

greater 
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ter Segment. Call the greater Segment 4, 

the leſſer will be B-A ; draw B—A upon B, 
and there will be Bq-BA=Aq, or Aq+ 
BA=—Bq. Wherefore Vu:Bq+:By:—;B=A. 
By the 9, Chap. 16. which Theerem is exprel:- 
ſed in words thus. If to the Square of the 

ine -given, be added 8 quarter of the ſaid 

uare, and from the Square-Root of the 
Sum be taken, balt the Line given, the re- 
mainder will be the greater Segmert. 

Ie is Geametrically 
effeted thus ; Draw E 
. ap Arm '- P's 4. Ie 
right : and draw the _—” [* 
Hypotenuſe Ac. Thus A a 
is AC=vu : Bq+ 
*Bq : Cut off CD=BC, the remainder 
ſhall be AD=wu :Bq+iBq : —+B. Laſtly, 
meaſure AE=AD tor the greater Segment. 

Prob. 2.' The Invention 
of the as ; 4 Lo _ > 
paring the Baſe of an FF) 
wic Angle wich the Sides. £1 
Ler BCD be a Triangle, Lo 
whoſe inward Angle at B, 5B A 
is abtule. The Bale s DC, and the Sides 
BD, BC, Here 


BCg 


RY” DÞ 0 OF. 


FF F 7 m®. =} aw of f A 
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" BCq—BAq=CAq=DCq 

(—DAq by the 4 e 2)—BDq=2BD*BA 

—BAq. Wheretore BCq+BDq 

=BCq=2BD*DA. 
In words at length thus. In Obtuſe angled 
Triangles, the Square of the fide ſubtending 
the obtuſe Angle, exceedeth the Sum of the 
Squares of the Sides, comprehending the 
ſame Angle by a double Rectangle under 
one of the Sides about the obtuſe Angle, 
and the Segment of the ſaid Side (produced) 
between the obtuſe Angle and the Perpen- 
dicular, 

Prob. 3.- The Invention of the 14 « 2. 
viz, the comparing of the Baſe of an acuts 
Angle with the Sides. 


Let BCD be a Triangle, C 
whoſe inward Angle at Bis : 
__ ſharp. The Baſe PH 
is DC, and the Sides BC.BD. £ _—D 


Here BCq -BAq=CAq=DCq(—DAq, 
by the 9thot the 2d.) —BDq+2BDxBA—- 
BAq. Wherefore BOT WO DCLOS 
D*BA. (Afﬀer the ſame manner would the 
Demonſtration proceed; it D did lie be- 
tween Band A.) In words thus: In acute 
angled Triangles, the Square of the Side 


ſubrending; che acute Angle is leſs than the 
0 Sum 
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Sum of the Squares, &c. (2BD*BA—BAq 
+DAq=BDq ſeventh of the ſecond). 
' Prob. 4. The Invention 


of the 14 & 2, wiz. of a C 
Square equal to the Rec- Cul 
angle ABxAD. Say AB 3 
+AD=2BM- Wherefore [12 
AB+AD is cut into equal | 
fore at M, and unequal at A. Thereforq 
y the fifth of the ſecond ABx AD=B 
—AMq. Now put ACq=ABxAD, a 
make a Recangled Triangle MAC, whole 
HypotenuſeCM=—BM the Semi-Sum of the 
Sides,and the Baſe AM,equal tothe Semi-Dit- 
ference of the Sides, the Cathetus ſhall be 
AC, the Rootof the Square ſoughe by 48< 1. 


The Invention of the Area of a plain Triang le. 


Prob. 5. A certain Friend of mine, a 
learned Man, brought to me a Theorem con- 
cerning the Area of- a plain Triangle, de- 
firing me to examin and demonſtrate it. 
The Theorem was, as | remember, (for 'ws 
many years ago fince) almoſt in this form, 
tho _ in the ſame Letters, * 

In a plainC , A ” Are equal to 
Triangle , _—_ 1A = 
whole tides Y * ry « —.-. 
are A. E.B. qBq—:s Bqq Ithe Triangle 

Afcer 


Rx AMSTn. 


—— 
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" After I had a while conſidered of it there 
came to my mind 197 &. Chap. 18. Theor. 20. 
which ſeemed moſt fic for the Solution of 
this difficulty. For if the two Legs of a- 
Triangle be A and E, and the Baſe B. 
From thence it will appear, that *A+:E4- 
*Binto A +:E — i Binto | B+{A-—LE into. 
»B-—+ A-ZE, are equal to the Square of 
the Area of the Triangle. Multiplying there- 
fore theſe four Magnitudes continually, there 
will ariſe 4AqEq+# ApBqJ-zEqBq—A 
qq—.;Eqq=.;Bqq. Which isthe very Theo- 
rem propounded. 

And from hence 1 not only ſatished the 
requeſt, but alſo afforded four ather Theo- 
rems, more eafie to be wrought 


For becauſe 5 A+; E4-3B=1Z+3B, 

and LA E—LB=}Z—3$B. 

And becauſe *:B+-+A—E=38++X, 

and 2B—tA-|E3B—3X 
Therefore 2*Z+*Bx3Z—3B=jZq-3Bq 
and 3B/Xx:B—zX=, Bq--+Xq 
*T'is plain then , That ;Zq=—;, Bq upon 
*Bq—iXq= to the Square ot the Area of 
the Tria In Words thus. It a Quarter 
of the Difference of the Squares of che Sum 
of the Legs and the Baſe, be drawn into a 
quarter of the Difference of the Squares of 
the Bale, and the Difference of the Legs, 
| Ll 2 the 
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the Product will be equal to the Square of che 
Area of the Triangle. | 

Moreover, becauſe 1Zq+;Bq upon {Bq 
—Xq=,:Zq+.Bquq—Bqq—,;£qXq. 
Hence in the ſecond place, Zq+Xq—Bq 
upon £Bq mi. .$ZqXq= Square of the Area 
of the Triangle. 

Alfo becauſe Zqa4Xq=27.,, by 11. Chap. 
18, Hence, Fhirdly, 2Z2—Bq. upon ©; Bq 
mi. ;X-q==to the Square of the Area of the 
Triangle. Laſtly, from thefe compared , 
there will be 1n the fourth place, 


Et. to the Square of the 


I 
Area of the Triangle. Thefe laſt Theo- 
rems are eahe to be expreſſed in Words. 
Prob. 4. The Solution of the Problems 
concerning Arithmetical Progreffion into 
Propoſtions. Let the Symbols be theſe; «, 
the firſt and leaſt Term; «©, the laſt and 
greateſt ; T, the Number of Terms; X, the 
Common Difference ; Z, the Sum of all 
the Terms. Therefore T—-1 1s the Num- 
ber of Differences. Hence TX—X==a—&« 
the Sum of the Differences. Three of theſe 
five, «, @, T, X, Z. To find the reſt by 
the 20 following Propofitions (for ſo many 
are the varieties) inthis order. 


Given, 


Pr 


KM 
Lo 
bl 
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Prop. T. T@-+Ta==2Z. 


I 3 
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— — 


2 7 


V- @-þ & 


=T'by t- 


vi. 12} —xby 4. 


' 22 - 0-0 


VII. TX—X-þa==% by 2, 
VIIL TX--X-+2 upon T=2Z by 1 and7 


IX. — = by 1. 
2Z,—2&« _ 
X. Ta=T =X by 8. 
XI. Vutng—«X+*Xqþ2ZX: —iX=%, 
by 4- 
z 
XII. vu; ISS T3LD, a+; 
=T by 8. 


XIII. @4-X—TX==z by 5. 


— he —cS_O 


of the Mathemaricks. It9 


XIV. 24+X—TX upon T=2Z by 1 & 13, 


XV. — 6 by g. 


L — 


2 Tw-27, 
XVI. "Ta— PX by 14, 


Ly 
XVIL3X+v/: = —— 


;=« by4 


according as « ſhall be oremer] than 2X, 


xXVIIL Ms X xY a: gb XebbXq—2ZX 


Xq 
=T by 14 
greater __ 

according as « ſhall be ofſer $than 3 X. 

_ $23 + 4 
XIX IN . > by 19 
— 9a, IN x. 8 
XX. T —_ 16 


I 4 Prop, 
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Prob, VII. Euclid 11. 2. hath taught ug 
to cut a given Line fo, that the Re&angle 
under the whole, and the lefſer Segment 
ſhall be equal to the Square of the greater 
Segment ; which Se&ion is almoſt divine, 
Now let that Problem be propoſed general- 
ly. Let the given line AB be fo cut, that the 
ReQangle under the whole AB and leſſer 
Segment may bear any ratio whatſoever to 
the Square of the greatcr Segment. Let it 
be as R toS. 

Firſt ſay R. S :: AB. AC. which may be 
a fourth Proportional ; then for the greater 
Segment pur A : the leſſer Segment will be 
AB—A : which being drawn into AB will 
give the Retangle ABq—ABxA. There 
will be then AB. AC :: ABq—ABxA. Aq. 
and therefore by 3. Chap. 6. ABqzAC=» 
ABxACxA=—ABxAq, and by a Diviſion 
them by of AB. there will be ABxAC—AC 
xA=Aq or Aq+ACxA=ABxAC, and by 
9. Chap. 16, there is found yu: + ACq+ 
AB*xAC: —FAC=A. 

This Theorem is expreſſed in Words thus. 
Tf to the Square of half the fourth Propor- 
tional be added a ReAangle under the given 
Line and that fourth Proportional ; and out 
of the ſquare Root of the Sum be taken 
half the fourth Proportional, the Remely- 

& 


"= = TT R JE PO EC IOTY 


= R811 


a .Y 
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der will be the greater Segment. Geome- 
trically thus, let AB and 
AC be joined 1n a dire& 
Line, and to the Dia- # 3% 
my PG cone a Semi- n oh. 
circle, and upon BCin - I —A ET 
the point A ere& a per- ma 
wg AD, cutting the Semicircle in D. 

en AC being bileed in E, let be mea- 
ſured EF=ED. I fay, the Line AB is fo 
ſo divided in the point F , that there 1s, 
R.S:: ABxBF. AFq. For ACxAF--AC 
xBF=ACx AB=ADq=CFxAF (by 6e 2) 
=ACxAFAFq Wherefore AC * BF= 
AFq. But AB. AC :: ABxBF. ACxBE. 
therefore, &c. 

Prob. VIII. Either fide of a reangular 
Triangle (in which a Perpendicular trom 
the right angle cuts the Hypotenuſe) being 

iven, together with BK the difference of 

e Segments of the Hypotenuſe : to find 
both the Hypotenuſe and the Triangle ig 
ſelf Firſt let the leſſer Side CA be given, 
ſuppoſe it be done, and let the rectangular 
Triangle be BAC. in which from the Ver- 
rex ler fall upon the Hypotenule che Perpen- 
dicular AP, cutting the Hypotenule intothe 
the Segments BP and CP.Burt CY=BC- BK. 


2 


And 
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And becauſe BC. CA ;: CA. BC—BE 


2 
there will be BCq — BCxBK = CAq. or 


2 
BCq-BKxBC=2CAq. Wherefore by g. 
Chap. 16, Vq*BKq+2CAq: +;3BK=RC. 

This Theorem is expreſſed in Words thu 

If the Square of 
nN halt the difle- 
. rence of the Seg- 
ments of the Hy. 
potenuſe be ad- 
ded to 2 Squares 

Fo * of thegiven (ide; 
CB "EE TB and the Square 
root of the aggre- 
gate be increaſed with half the difference, 
the Produt will be equal to the Hypote- 
nuſe. | 

Geometrically thus, there being taken 
AF=AC, let there be drawn CF, and per- 
pendicular to it FL=BK, and let CL be pro- 


2 

duced to N, that LN—3BK 3 there will be 
CN=BC. Wherefore let there be inſcri- 
bed in a Circle CE=CN—BK and produce 
&e. For CFq=2CAq, and CLq=2CAq 
-:BKaq, therefore, &c. 


But 
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But if the greater {ide BA be given, ſuch 
an Equation ſhall be found, v/q:* BKq+ 
2BAq: —; BE=BC. Taking BC-þ BK 


2 
for PB. And the Geometrical Effection 
not unlike the former. 

Prob. IX. BF the difference of the ſides of 
arecangled Trung, and AP, a Perpendi- 
cular from the right Angle to the Hypote- 
nuſe being given, to find tne Hypotenuſe and 
the Triangle it (elt. 

Suppoſe ic done : and let the reangled 
Triangle be BAC. Becaule by 57 & 2 2BAx 
AF-+ BFq—=BAq+AFq; and therefore 
BFq= (ABqÞAFq, that is) BCq= (BAx 
2CA, that is) BCx 2AP, becauſe BC. CA 
:: BA. AP. There will be BCq--2APx 

—BFq. Wherefore by 9 Chap 16, vu; 
APq--BFq: +AP—BC. 


This 
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This Theorem is expreſſed in Words thus, 
If tothe Square of the Perpendicular be ad- 
dedthe the Square of the difference of the 
fides, and the ſquare-root of the aggregate 
be increaſed with the Perpendicular. The 
Produdt ſhall be equal to the Hypotenuſe. 

Geometrtcally thus. make PL=BF. And 
let LA be extended to N, fo thatgAN=—=AP. 
There ſhall be LN=BC. Therefore on 
the Diameter BC delciibe a Semicircle, in 
which ere& a Perpendicular equal to AP 
given. Then draw BA and CA. 

Prob. X. BG the Sum of the fides of a 
retangled Triangle and AP a perpendicular 
from the right Angle to the Hypotenuſe 
being given : to find the Hypotenule and 
the Triangle it (elf. 

Suppoſe it done, and let the re&angled 
Triangle be BAC. Becauſe by 4 © 2' BGq 
= (BAq|GAq, that is) BCq+ (2BAx 
CA, that 15) > APxBC becauſe BC . CA :: 
BA. AP. There ſhall be BCq+-2APxBC 
:= BGq. Wherefore by g Chap. 16, yg: 
APq-r Bq :—AP-=BC. 


In 
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In Words thus , If to the ſquare of the 
parponclenter be added the ſquare of the 
of the ſides, and out of the fquare- 
root, of the aggregate the perpendicular be 
dedued, the remaining Line ſhall be equal 
to the Hypotenule. 

Geomertrically thus, make PL=Bq. and 
draw AL from which cut off AN= AP. 
There will be LN=BC. On the Dizme- 
ter BC deſcribe a Semi-cirele, &c. 

Prob. XI. CA one tide of a reangled 
Triangle, and BP the altern Segment of 
the Hypotenuſe being given,to find the other 
Sgment and the Triangle it ſelf, 

Suppoſe it done : and let the recangled 
Triangle be BAC. Becauſe BP+-CP. CA 
:: CA. CP. There ſhall be BÞ*CP-|-CPq 
=CAq. Wherefore by 9g Chap. 16, vq + 
BPq+CAq:—*BP-=CP. 

In Words thus, If to the ſquare of half the 
Sgment of che Hypotenule, be added the 

iquare 


126 Mr. Oughtred's Key 

- ſquare of the ſide 

/A ven, and out of 

Uk the ſquare-root of 
the aggregate the 
ſame half Seg- 
mentbe taken,the 


C P  TS+ renainin Line 
will be } other 


S2gment of the Hypotenule. 

Geometrically thus, ſet at right Angle 
BP and PF=CA, and biſefting BP at M, 
draw MF, and meaſure MC—=MF. There 
fore the other Segment CP 1s found and 
hkewiſe BC the whole Hypotenuſe. On 
the Diameter BC deſcribe a ſemrcncle, m 
which infcribe CA and BA. 

Prob XL. BK the Difference of the Seg- 
ments of the Hypotenuſe of a re&angled 
Triangle and BG rhe ſumm of the fides be- 
ing given, to find both the difference of the 
ſides and the Hypotenule and alſo the Tri 
angle i (elf. 

Suppoſe 1t done, and Jet the reangled 
Triangle be BAC. Becauſe BG. BK :: BC. 
BF. by 17 Chap. 18, Theor. 16. And BGq. 
BKq :: (BCq that is) BAc+CAdq. BFq. Al- 
ſo 2BGq—BKq. BKq :: (2BAg-2CAq, 
BFq that is.) BGq. BFq. for by $ Chap. 18, 
2BAq+2CAq=BGq-\-BFq. Wherefore 
Vq: 2BGq—BKq.BG ::; BK. BF :: BG. = 
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In Words thus, If from the Square of 
the Sum of the Sides doubled be taken, the 
Square of the Difference of the Segments of 
the Hypotenuſe. As the Square Root of the 
remainderis to the ſum of the Sides, ſo ſhall the 
Difference of the Segments of the Hypotenuſe 
be, to the Difference of the Sides, and fo 
the Sum of the Sides, to the Hypotenulſle. 


Geometrically thus. Set at right Angles 
BG and GH=BG. Then on the Diame- 
ter- BH deſcribe a Semi-Circlez in which 
inſcnbe HI=BK, and draw BL Therefore 
Bl=Yaq: 2BGq—BKq. Make alſo BL=BK, 
draw GL, and to it-a Parallel LF. There- 
fore BF the Difference of the Sides is found. 


Prob, 13 
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Prob. 13. BK. the Difference of the Seg- 
ments of the Hypotenuſe of a Re&cangled 
Triangle, and BF , the Difference of the 
tides, being given, to find the Sum of the 
Sides, and the Hypotenuſe , and alſo the 
Triangle it ſelf. 

Suppoſe it done, and let BACbe the Red. 
angled Triangle. Becauſe BF. BK : : BC 
BEG. By 19. Chap. 18. Theor. 16. and BFq, 
BKq : : (BCq, that is,) BAq+CAq. BGq. 
Allo 2BFq—BKq. BKq : : (2BAq|2CAq 
—BGq, that is,) BFq. BGq. For by 8. Chap, 
15. 2BAq+2CAq=BGq+BEFq. 


Wherefore vqzBEq—BKq. BF : : BK. 
BG : : BF. BC. In Words thus. If from 
the Square of che Dilſerence of the Side doub- 
led be taken, the Square of the Difference 
of the Segments of the Hypotenule, as the 


Square-Root of the Remainder 1s to the 
Difference 


oo I&t| Pm KmaGg(cHjIYc wir win mn wMmowo.. 


is [= 
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Difference of the Sides, fs fall the Diffe 
fence 0 Segments Hypotenuſs 
be, to the Sum of the Sides, and ſo the 
Difference of the Sides to the Hypotenuſle. 

Geometrically thus. Set at Right Angles 
BF and FH=BF. Then on the Diameter 
BH deſcribe a Semi-Circle; in which inſcribe 
BI=BK, and draw HI. 

Therefore HI=vq :2BFq—BKq. Maks 
BL=HE. Draw FL, and to it a Parallel IG. 
Therefore BG the Sum of the Sides is found. 

Prob. 14. BF, the Difference of the Sides 
of any plain =_ BK the Differencs 
of the Crnmnns of the Baſe , and CL, the 
Difference between the greater Side , 
the Baſe being given3 to the Baſe, the 
Sum of the Sides, and the Triangle it (elf; 
And firſt, let the Exceſs be in Baſe : 
ſuppoſe it done,and let BED be the Trianglo . 


Becauſe FB. BK : : BD. 8G 5 


by 19, Chap. 18. Theor. 16, There ſhall be 


nn BEG CF. Add BF, and 


BK BDTBFI 3c. Take thisout of BD,& 


{BFxBD--BKx BD--BFq=2BF — Where. 


— ———_ 


aBF 2B 
K fore 
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fore 2BF*BD=BK*xBD=2aBF=CL-|-BFq: 

And by 3: Chap, 6.2BF — BK. 2CL-þ-BF : : 
BE, BD VS BK. BG. | 


In Words thus. Asthe Difference between 
the doubled Difference of the Sides, and the 
Difference of the Segments of the Baſe, is 
to the Aggregate of the double Difference, 
between - greater Side and the Baſe, and 
the Difference of the Sides; ſo the Diffe- 
rence: of the Sides is to the Baſe : And fo 
the Difference of the Segments of the Baſe, 
to the Sum of the Sides. | 

. The Geometrical Praxis is fo eaſie, that 
it may be omitted. 

But if the Exceſs be in the greater Side, 
the Theorem will be BR—2BF. 2CL—BEF:: 
BF. BD : : BK. BG. I omit the Inveſti 
gation of this Theorem, and the Solution 
of the Problem, wherein, -out: of BG, the 
$urn'ot the Sides of any plain Triangle, and 
BK. the Difference of the Segments - _ 

ale, 
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Baſe, and CL the Difference between the 
greater Side, and the Baſe being given ; Ie 
is required to find the Baſe, and the Dif- 
ference of the Sides, that the Reader may 
have wherewithall to exerciſe his skill. 

Prob. 15. BGthe Sum of the Sides of any 
plain Triangle. BK. the Difference of tha 
Segments of the Baſe, and CA a Perpendi- 

ar being given, .to ex bye th the Baſe, 
and the Difference of the.Sid&s, and the 
Triangle it (af. | 

Suppoſe it done; andlet BCD be the Tri- 
angle ; becauſe by 17, Chep. 18. Theor. 16. 
BG. BD : : BK. BF. Andby\5, Chap.18: 
DKq=BDa-FBKq—2BK&BD. And by 

7 et. .(4ADq, t ty) DECT3CAg= 
4CDq, that is,) 'FGq. "There will be 

BDq+BKq=2BKxBD+4CAq=FGq. 
Take FG out of BG : and BGvq: BDq 
kg—CAs ; =; 

Wherefore there will be | 

BG. BD : : BK. BG—-4Vq : BDq+BKq 
—BKxBD+-4CAq. 

And by 3 , Chap. 6. or 
w4/q : j—- np> Vaan me They 7 
KxBD+BGqz4CAq. Theretore by 8, 
Thap. 16. Q : BGq—BKxBD; thats, 
BGqq—BGq«iBKxBD-j-BKqzBDq—BGq 
*BDq+BGqxBKq—BGq=.BKxBD-FBGq 
14CA4q 


k 4 And 
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And therefore BGqxBDq—BKqzBDq= 
BGqg—BGqzBKq—BGqz4CAq. Or alſo 
nn mg upon BDgq=BGq—BKq—4Caq 

n BGq. 

Therefore /q : BGq—BKq vq : BGq=- 
BKq—4CAq : : BG. BD : : BK. BE. 


In Words thus. As the Square Root of 
the Difference between the Squares of the 
Sum of the Sides, and the Difterence of the 
Segments of the Baſe, is tothe Square Root 
of the ſame Difference, leſs by the Square of 
the Perpendicular doubled; ſo is the Sum 
of the Sides to the Baſez and ſo the Diffe» 
rence of the Segments of the Baſe, to the 
Difference of the Sides. 

Geometrically thus. On BG the Diame- 
ter, deſcribe a Semi-Circle;z in which in- 


ſcribe 


«a _-— A+©.- ca «a 


14 aw #ts({ wed mad A © mo awe 


WH > 
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ſcribe GH==BK, and BH. Therefor® 
BH=v/q: BGq—BKq. Again, on the Dia- 
merer BH draw a Semi-Circle, in which in- 
__ <--=——K and MG — han 

qSGq=Bhq—4c ake BL = 
=BG: and from L = EN, Parallel to 
HI, concurring with BI, produced in the 
Point N: Here is found therefore BN=BD. 


Prob. 16. BF the Difference of the Sides 
of any plain Trianglez BK the Difference 
of the Segments of the Baſez and CA a 
Perpendicular being given : To find both 
the Baſe, and the o- of the Sides, and al- 
ſo the Triangle it (elf. , 

La it done. Let BCD be the Tri- 
angie. | 
BG BD : : BK. 7 bor {Deir 


- BKxBD, 8. and by 
_ I ir 4ADq, nf % Es 
4CDq, 


that is,) F 
Thers ſhall be BDg-l-BK j—BKxBD--4 
CAqzFGq. Add FG toB ;and BE-bv/ 


BDq+BKq= 2BKx BD 
way. Weg. q: 


BD rBKg aBKoBD +-4CAq 
Kq—2BKx 4 

BFqzBDq+BFqxB 

BBQ» "BD There- 


Fqz 
Kanal Q; BKxBD—B B « is, BERqxBDq 
—BFqx:BKxBD+BEqq—=BFqzBDg+BF 
"4 qx 
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q* BKq— BFqs 2BK.« BD BFqz4CAgq. 
And therefore BKqxBDq—BFqzBDq==BFq 
xBKq—BFqq+BFqx4CAgq, or alſo BKq 
—BFq upon BDq=BKq—BFq+4CAgq up- 
on BFq. Therefore /q : BKq—BFq”w/q: 
BKq=BFq-j4CAq :: BF. BD :: BK. BG. 


p 2 F Cc "© 


EL 


In Words thus, As the ſquare-root of the 
difference between the ſquares of the diffe- 
rence of the Segments of the baſe, and of the 
difference of the' fides, 1s tothe Son 
of the fame 'differetce increaſed with! the 
ſquare of the double perpendieulaz, fo isthe 
difference of the fides, to the baſe j/*and fo 
the difference of the ſegments ofthe baſe to 
the ſamm of the fides; © WEE ; 
" *Geometrically thus, on BK-the Diam. de- 
ſcribe a ſemicircle in which inſcribeKH=BF 
and BH. Therefore BH=4v/q: yay. he; 
make BHL=BF and HKI=2CA. draw BI. 
Therefore Bl=y/q: BKq= BFq + 4CAq. 
draw alſo LN parallel to HI-concurring 
with BI extended in the point” N, here 1s 
therefore found BN=ZBD. Prob. 


EY SESALECOER. 
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Prob. X VIL- ba retangled Triangle, B 
ference between-the Baſeand the Hy- 
roars ers _ — between the 
athetus /and:the' Hypocrenuſe being gwen; - 
ro = bn the-Hyporenuſe, and-the Tri- 
angie it Li S017 $35 «4 417) Is AL 
/For' che. Hyporenuſe pur. AJ/the Baſs: 
mit be A--B, andehe-Cathetus AU-E,' and 
by -47 © 1, (the: Cathetus: is: v/q eaB&Bgq. 
Wherefore: /q:12BA — Bq = Aw» C. and 
DA+Bq=Aq+2CA{Cq. ot:B+:zC: 
pon A mi Aqz=Bq4-Cq: : Therefore by 
phe. 16, Bj C+vq: BEA che Hy- 
". Silt Fi "22:1\ l 44" 
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In Words thas: iThe Aggrogate:of the 

wo-' differences; ithat is ; ' the' difference 

IR _ and of — from 
Hypotenute, er with t uare- 

root - 4 RE ander the diffe 

ences is equalto the Hypotenule. |. 

'K4 Geome- 
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eometrically thus, draw an infinice lins 
in "hich meal B, B, and@ This being 
taken for the Diameter, draw a ſemi-cucle, 
and jt the common point.of B and , ered 
Anndicularl the Line Thanks 
—2HC. allo from C in the infinite ling 
meaſure M ; with the ſemi-diameter 
M-4+-C+B deſcribe an arch, unil it cop 
perpendicular ine 


cur Wi M produced. 
Then from the of concourſe to the 
centre of that ar = aline for the Hypo 


ſe, and Tri 
= Gy ms 4m me pg a TT 


Prob, 18. Unto a given line AB wo apph | 


a Parallelogram to a Co Bll tho 


C 

ke fad ng, brag bo prllgam 
eng nes Figs C mult yo be gre 
than bn pple ho hal that ls 


put A: SAS en, 


Make S. R ;; ABA, »: 


altitude of theParallelogram ſought; which 
g drayn upon A the fide ſhall gin 


AB:R—RxA 
o5 


as Ka£©  _iwiaza c@ ue Dw=n--a«a aac 


=” Þ >= ERECT FIT HESYTOSEcTSISES 
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ABxR» wa RxAq _=C; or ABxA—Aq=z 
= and by 9 Chap. 16.5—+vq: _ 
CxS 


—— = 
- — 


R 


In Words thus, If C the plain figure given 
 D: aps opt Ledatd I by ho 
am D, t iv1 
Alticude and the quotient taken out of the 
ſquare of half the given line AB, the ſc 
root of the remainder encreaſed with the 
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on the Diameter EF deſcribe a ſemi-circle, 
in which ere&Qing a perpendicular SG, chere 
will be SGq=Cx5 from the point G meal.GH 


R 
—3AB—HB there willbeHS—=v/ 29S 


R 
to which if you add HA=+ {AD; ; you ſhall 
have AS, the Tide ofthe Te ogram ought 
And BS=B AA thea [atitious (ow ag 


Prob. tg. Unto a nigh he line BEAR given to 
pply a parallelagram +, to a given plain 
rand, which parallelogra over-reach 
the ſaid right hne by's pacalÞþlogram-figure 
hkeunto.D a given para Prop.29.e 6. 
In the parallelogram D nee the altitude 
and latitude, as in the former. 
For the fide: of the parallelograns ſought 
put Az; the adjedtitious portion thall be A— 
AB, make S. R ; : A—AB. ESABR 


the aleicude of the ſought pardilgram: 


which being drawn on A'the fi 
tt -—————_—— S. 


Andby 9 ab. 16, vVq: ABq-+CxS: FAB 
4: R A 
- ca In 


——— 


= EEDPEY 


"A 
« mmas/ 


2 


 S3'S% 


- = 


In Words. thus, if C the plain Figure given 
be drawn into the latitude of the -parallelo- 
gram-D-;- and the produt be divided -by 
the: altitade; andthe quotient added to the 
ſquare: of': the - half che given line AB : the 
ſquare-root of the aggregate increaſed with 
he fame half, ſhall be che fide of the paralle- 
lgram ſought. gp 

ametrically thus,make ER=y/qC-Then 

R.S :: ER. EB=V/CxS. Set ER and'EB 
hoe — pA Bic: 

at "right - angles; and taking BF=ER, 

on;the diameter EF: deſcribe a ſemi-cucle, 

m which ere& a perpendicular ,BG,,'and 

thera - ſhall be. | BGq= CxS. Meaſpre 

, of ? - R Ay . 4 « 
BH=3AB=—AH. and-draw GH=vV/q: ABq 


| 4 
+ CxS: =HS. Thertfore AS=A the 
R {ide 
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ſide of the parallelogram ſought, and BS=4 

— AB the adjeRitious portion, and the alty 

_ Hal os SL ——_ i” he line ER, 
efare the par am ſoughtis ASKN 

being made enaies: with D, 

Prob.-20. BC, BD, two fides of any plain 
Triangle being given __— with the an- 
gle B intercepted, to fiad out the third fide; 
or the three {1des being, to find the angle B 
oppoſite to one of them. 

Suppoſe it done, and let BCD be the Tri 
angle. On the center B and ſemi-diamerer 
BC, deſcribe an arch CK, and drop a per- 
pendicular CA. Therefore KD is the diffe 
rence of the ſides: and AK the like to the 
verſed fine of the angle B;: For Rad. s 
B:: BK. AK=BKxsvB. but AK= 


Rad. | 
By. as appeareth by the Schemes comp 


And bec. BDq-BKq= both 
'$2BD*K B+KDq. by 5 Chap. 18. T' 
2CDqÞ+2BD*BA. by 2, 3 Chep. 19.5 
There will be 2BDxBK-1-KDq=CDq+ 

2BD«xBA. Wherefore 2 BD* — 

BA, that is, 2BD*xAK+DKq + but 

2BDxAK =2BD «BG 5 B. Therefore 
Rad. 

2BD*xBCx sv B+DKq=CDq. which is the 

Rad. 6h 


I 


EO>-HS>>p 


FEE SEES, 


—_4 
& 


7-2 


Z 


W297 5 


:S +2972 7 


a= r+ - 


"4 


cf 
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firſt Theorem, and CDq—K Dq upon Rad: 
2BD*xBC 
—sv B. which is the ſecond Theorem. 


C Cc 


NN 


B AF DD DEX B 


The firſt in Words thus, if a double Re- 
tangle under the fides given be drawn into 
the verſed fine of the angle intercepted, and 
the produ& be divided be the Radius: the 

ient increaſed with the ſquare of the 
itference of the ſides ſhall be equal to the 
ſquare of the third fide. 

The ſecond thus, if the difference of the 
ſquares of the oppoſite fide and of the diffe- 
rence of the ſides be drawn upon the Radius, 
= _ be divided A _ Re- 

e under the containing ſides ; t —_ | 
tient ſhall —_— to the verſed fine of © 


21, ; ruſt 
mid both the baſes Aq and Eq and the alci- 
meal 


the Fruſkum, You muſt firſt know (out of 
7and toe 12) that a parallelepipedon - 
£qua 
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ual to 3 Pyramids, and a Cylinder td thtes 
= of w ſame baſe and altitude. 

The altitude T of the Pyramid cut off 
muſt firſt be ſought, thus, A=E. E: : LT. 
Wherefore LE=T. and the alticude of the 


þ.4 
whole Pyramid is L+T. likewiſe the whole 
Pyramid tripled is:AqL+AqT. and the Py- 
ramid cur off tripled is EqT. Therefore 
the tripled Fruſtum of the Pyramid is AqL+ 
This Theorem ſheweth one way of niea- 
{uring che Fruſtum 
of a Pyramid. In 
words thus , if the 
{olid under 
reater baſe, and 
the whole altitude 
be leflened by a ſo- 
lid under the lefler 
baſe and altitude 
of the Pyramid cut 
| off ; the third part 
of the Remainder ſhall be equal to the Fru- 
ſtum. 
Again becauſe by 2 Chap. 11, Aq—Eq= 
—— and T=LE. there ſhall be AqL+ 


= 
(ZEL, that is, by 344) AEL+EoL=AdL 


m=_ 


— i. wn A, en ks tn my er + AN = L.A 1 © KD = © = 1 


pr ff We a 


SK SONY OnmtDto.,sg 7 


— 
- 


XX 1, XX. 
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+AqT—EqT. Therefore the tripled Fru- 
ſtum of the Pyramid is Aq+Eq+bAE upon L. 

This Theorem teacheth another way of 
meaſuring the Fruſtum of a Pyramid , in 
words thus, 

If the aggregate of both the baſes of the 
Fruſtum of a Pyramid, and of the mean pro- 
portional between them be drawn u 
altitude of the Fruſtum , the third of 
the produdt ſhall be equal to the Fruſtum. 

Alſo becauſe by 2 Chap 11, 2Aq-+2Eq= 
Za+Xq : ZaL + XqL+2AEL ſhall be 
equal to fix Fruſta's. but by 1 1 Chap. 18, Xq 
+2AE=7Z. therefore Zq+2Z. upon L is e- 
qual to fix times the Fruſtum of a Pyramid. 
And this Theorem teacheth a third way of 
meaſuring the fruſtum of a Pyramid, in words 
thus, If to the aggregate of the baſes be ad- 
ded the ſquare of the aggregate of the ſquare 
roots of both baſes, and their ſum be drawn 
upon the altitude of the Fruſtum : the t{3xth 

art of the Product ſhall be equal to the Fru- 
um. 

But if the queſtion be about meaſuring the 
Fruſtum of a Cone. Becauſe according to 
Archimedes his diſcovery, the ſemi-circum- 
ference of a Circle is equal to ** of the Ra- 
dius (or ſemi-diameter) fer: or more accu- 
rately 4+} Rad. the area of a Circle ſhall be 
34:+Rad:q. And 113. 355 :: Rad : q A- 
rea of the Circle, Where- 
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Wherefore the firſt Theorem for meaſu- 
ring the Fruſtum of a Cone is, 4+5+ AqL+ 
2:4 AqT=- 44 EqT are equal to the Fru- 


m tripled. 

The ſecond is 3#4 AqÞ 444 Eq 414 
—__ L, are equal to the Fruſtum tri- 
P 

The third is 355 Zak 4:4 Z upon L, are 
equal to the Fruſtum of a Cone ftxfold. 

Prob. 22. A Problem of Apollonizs Perg ens 
os gveavelsy may, Two goun A, B, being 
given in a plain, to deſcribe a Circle, to 
whoſe Circumference the right-lnes AB, 
BD, drawn from the ſame Points, ſhall have 
the ratio of R to S. 

Suppoſe it done, and let the Center of the 
Circle ſought be C in the ſame right-line 
with the points A, B ; and the ſemidiame- 
ter CD. MakeR.S::$S.T. Now becauſe 
the ewo Triangles ACD, DCB. (whereſo: 
ever the point D be taken) are as AC to 
BC: and the ſides DA, DB, alike oppoſite 
to the common Angle C, are in the Ratio of 
R toS: and the fide CD common to both: 
One may eafily conceive the Triangles ACD, 
DCB to be like. and by 1 Chap. 15, AC. 
AC :: Rq. Sq :: R.T. Ifthereforefor BC 
be put A : there ſhall be ABA. A:: RT. 
and ABxT+TxA=RxA ; or ABXT=A ; 

R—T 
Laſtly, v ; ACxBC: =DC. 7” 


San ©» He * 
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A GE: 

In Words thus, If the ſpace between the 
points be drawn into the third proportional 
Term of the ratio given : and the Produ& 
be divided by the excels of the firſt Term a- 
bove the third : the Quotient ſhall be equal 
tothe diſtance of the nearer point from the 
Center : and the ſquare-root of the Re&an- 

e under both diſtances from the Center 

Il be equal to the ſemi-diameter. The 
Geometrical Effe&ion is eaſe. 

Prob. 23. In a Tun or Wine-veſlel, the 
internal Longitude 2CL ; and the two ſemi- 
diameters, namely, CB at the Bung , and 
LD at the Head, being given, to find the 
capacity of the Tun it ſelf A Tun is a 
Fruſtum of a Sphzroides, which ſolid Figure 
is made by the revolution of half an Ellipſis 
(or Oval ) about its tranſverſe diameter or 
8xis, Now thatthe meaſure of the Fruſtum 
may be found out, the Meafures both of the 
whole Spheroides and of the Portions cue off; 
tauſt be known. For the difference of theſe 

L Meaſares 
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Meaſures is the Meaſure of the Fruſtum, 
The Solidity of the whole Spheroides is 
245 BCq upon 31K, which is double a cone 
made on the baſe BCB, at the altitude IK, 
Archimed. de Conoid. &- Spheroid. Prop. 29. 
And the Solidity of IED the portion cut 
off is had thus, LK. LK--KC :: +45 LDg 
upon + LL. Solidity ſought. Ibid. Prop. 31. 
But there is yet wanting (that whuch 
the main hinge of this b6lineſs) the tran 
verſe diameter or AxeIK/: which you ſhall 
thus find. 
Suppoſe that done which t required 3 de 
ſcribe an Ellipſss, &c. asin the ſcheme. And 


make CK. CB :: CB. Sy =—=CR, half the 
right latus by 14 Lib. 1 Conic, Apollon. Again 
make CK. 731 :: CK-þCL. 

CBq upon CK-+CL 


=—LN, draw it upon 


CKq 
IL, thatis, CE—CL (which is all one as if 
you draw CBqupon CKq+CLyq by 11 Ch, 
18.) and there ſhall ariſe 


SETS =—LEq, by 1 3 Lib. 1. 


Cha C Bqx CL 
Conic. Apollon. Therefore vq : = 
; 1 Chg —LE 


CBuCL _ 


OP 
Which 


:= CK the Semiaxe ; that is, 
CK. 


of the Mathematicks; 
Which Theo- 


tm is expreſſed ' hh 

in Words thus, If F "a Ko = 
the _ of the (Eq D 
ſemi-diameter of {/P 


the middle of the 
Tun be drawn (| _ 
nto the Square Q ®' 


ot half che length, 

and the Product 

be divided by the Rv a 
K 


Difference be- 
tween the (quares 
of the ſemi-dia- 
meters of the middle and baſe: the ſquare- 
root of the Quotient ſhall be the Semiaxe of 
the Spheroides. 

Geometrically thus, draw EO parallel to 
the Axe; and on the ſemi-diameter CP= 
CB makean arch cutting EO at P; extend 
CP until it concur with the baſe LE produ- 
&d at F. Then CF ſhall be equal to the 
Semiaxe ſought. Otherwiſe, becauſe CP= 


*ICB: and CO =LEF: there will be (va : 


CBq—LEq) OP. CB:: CL. CF=CK. 
Conſettary. From hence it appears that the 


Meridians 1n the Analemma are true Ellipſes. 
for Example, ſuppoſe CIFQ a Quadrant of 
the Analemma, in which 1s deſcribed an Ellip- 
IEB, I ſay the ſame is a Meridian; for 
L 3 lince 


x48 Mr. Oughtred's Key 


fince CQ is a Quadrant of the FquinoRial, 
and FL a Quadrant of its parallel: and that 
*ris the property of the Meridians to cut the 
Aquinottial, and all its parallel Circles into 
like Segments by 19 Lib. 2 Theod. de ſphers, 
If therefore it appear that CQ. CB ::LF, 
LE: the Ellipfs IEB cutting them ſhall be a 
Meridian. Bur CF=CQ and CP=CB and 
OC =—=LE. And CE, CP :;: LF. OC 
Therefore, 

Prob. 24. BC the Hypotenuſe of a Re& 
angled Triangle, and CM a mean Propor- 
tional between the Baſe and the Catherus be 
ing given, to find out the Triangle. 

Suppoſe ir done, and let BAC be the re& 
angled aa x. becauſe the Baf)s 1s BA 
the Cathetus ſhall be vqBCq—BAq: and 
the Rectangle under them vqBCqzBAg- 
BAqq: The Square-root whereof 15 Vqq: 
BCqzBAq—BAag : the mean Proportional 
between the Baſe and the Cathetus. 


Again, becauſe the Cathetus is CA,J*; 


the Baſe ſhall be /q : BCq—CAq: and 
the Rectangle under them, Yq: BCqxCAq 
—CAqq : the Square-root whereof 15 Vag: 


BCqzCAq—CAqq the mean Proportional] ; 


between theBaſe and the Cathetus, Wherefore 
BCq*zBAq--BAqq=CMaq, and 
BCqxCAqg—CAqqg=CMaq. 
Thcrefore by g Chap. 16. 
| +BCq 
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1 @ —_— BAq 
BCq+vq::BCqq—CMaa: = Jop 


In Words thus, 
if to half the P 


A. 
quare of the Hy- 4 & 
potenuſe be ad- 
&d the Square- 


rot of the Ex- | = £ B 


cels of a quarter 

of - gr yo | 

quadrate of the \ 

Hypotenule a- 22, "EM 

dove the Quadra- 

to-quadrate of the mean proportional be- 

tween theBaſe and the Cathetus ; the Aggre- 
te ſhall be the Square of the Baſe ; but if 

ſame be deducted from it, the Remainder 

hall be the ſquare of the Cathetus. 
Geometrically thus, on the Diameter BC 

nd Center E, the middle point thereof, 

deſcribe a ſemi-circle , then make BC. CM 

:: CM. CD=AF a perpendicular within 

the ſemi- circle, Therefore BCx AF=CMq. 

make upthe Triangle BAC. for * BCq(AEq) 


| =AFq=EFq. Wherefore #BC+ CEF)vq 


2 BCq—-AFq= = Draw all upon BC 
and there will be: BCqTvq: +BCqq - (BCq 
BCxBF=BA 
«AFq) CM44=) BExCE=CAn 
L 3 Prob. 
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Prob. 25. BA, the Baſe of a reQangle 
Triangle, and AM, a mean Proportion! 
berween the —_ and the Cathety, 


being given, to find the Triangle. 

Suppoſe it done , and let BAC be & 
retangled Triangle ; Becauſe the Cathet 
is CA, the Hypotenuſe will be /q : BAq+ 
CAq: and the mean ante Bcd. betweer 
them v/qq: CAqq-|-BAqzCAg. Alſo bs 
cauſe the Hypotenule is BC, . 4 Cathety 


ſhall be v/q : BCq—BAq, and the mea 
Proportional between them 4/q : BCqq= 
BAqzBCq. Wherefore 
CAqq+BAqzCAq=AMagq. and 
q—BAqzxCAq=AMaq. 


B 
Therefore by 9g Chap 16. 
< \ © 2BAo— ICU 


< LWX 3DOY *»- RMRPpPCYMMPTGeAGc©<t 
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In Words thus, if from the ſquare-root of 
the Summ of a quarter of the Quadrato-qua- 
drate of the Baſe, and of the [cm qua- 
drate of a mean Proportional between the 
Hypotenuſe and the Cathetus be taken the 
half-ſquare of the Baſe; the remainder ſhall 
be the ſquare of the Cathetus ; but if the 
ſame be added to it, the Aggregate ſhall be 
the ſquare of the Hypotenule. 

Geometrically thus, make BA. AM ::; 
AM. AD. perpendicularly. Therefore BAx 
AD=MAq. From the point E the middle 
of the Baſe to the perpendicular AD, draw 
ED=EF. And on the diameter BF de- 
ſcribe a ſemi-circle, cutting AD in C. Then 
having drawn BC, make up the Triangle 
BAC. for *BAq-ADq=EFq. Wherefore 
vVq:1BAq+ADqFiBA=S AF draw all 
upon BA: and there ſhall be /q*BAqq+ 
(BAqx ADq that is ) AMqq: + 3 BAq= 

BAxAF=CAq. 

BAxBF=BCq. 

ConſeFary. And from theſe two Propofi- 
tios appeareth the Geometrical Effe&ion of 
Equations, in which are three Species equal- 
ly aſcending 1n the order of the Scale, the 
_ of them being the Quadrato-quadra- 
tic 


L 4 Prob, 


F. 
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Prob, 26. I ſhall alſo add alittle concerning 
the biſe&ion, triſe&ion, and quinquiſeRion 
of Angles or Circumferences, to ſet forth 
the Excellency and admirable uſe of this 
Art; their geometrical Praxis is not yet 
found, nor the Meſolabiunm: Nevertheleſs, 
in Se#. 15. Chap. 18, I have touched upon 
ſome Cubick Equations ; A diligent skilful 
Alpebriſt may find innumerable others, by 
help whereof the Meſelabium, which hither- 
to hath lain in Darkneſs, may paradyen- 
ture at length be diſcovered, 


SS Ty on” EF WP ** ww" = Am ——- 
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Diſtinguiſh, in a Circumference, ſeven 
equal parts, from O the end of the Diame- 
ter, with Letters A,B, C, D, E, F, G; draw 
Subtenſes alſo as in the Scheme. Take MX 
=MB; draw AX and XB; andadiame- 
ter NRA 3 and OE a perpendicular to CT, 
and EK a perpendicular to OG. Becauſe 
by 17 Chap. 18, Theor. 1, ABz=AX : The 
Triangles BMX, ORA, OAX are like; 


and therefore Og =—=OX. likewiſe the Tri- 


angles OAB, ARM are like; and by 47e x 
MA=wq: 4 Rad: q—OAq. 

Thele things thus premiſed, there ſhall be 
RA. MA, thatis, Rad. /q: 4Radq-OAq 


: OA» OB Therefore® <DA9O4G% 
=OBq : whichis the duplication of an an- 
gle. 

And 4RadqxOAq—OAqq=RadqzOBq; 
whichis the biſe&ion of an angle. 

Then becauſe OS=OA. and SA=OX, 
and NS=MX = MB. There ſhall be by 


17 Chap. 18, Theor. 16SEC: that is 
OAq © ap 

2 Rad— "Rag pon To divided by OA 

ar Ree Ode. SC. and if OA 
Rad q 
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be added, then there ſhall be 
Lo T_ .”. Ac OC : Which 1s the 
triplication of an angle. 

And 3 Rad qxOA—OAc=Rad qzOC: 
which is the eriſeQion of an angle. 

Alſo becauſe 2 ET+CB=OE. and MO. 
MB :: OC. OT : that is, 2 Rad. 2 Rad — 
OAq :: 3 RadqzxOA—Okc 


—— 


Rad Rad q : 
6Radqq x OA — 5 Rad qz OAc+Oaqc: 


2 Radqq. 
out of the double whereof 1f OA be taken, 
there ſhall remain, - 
« Rad qq x OA—; Rad qx OAc + OAqc 
Radqq 
—OE: which is the quintuplation of an 
angle. 

And OAqc—5 Rad qxOAc 5 Rad qqx 
OA=Rad qqzOE: which is the quinqui- 
ſetion of an angle. 

And after this manner we may proceed to 
find the ſeptiſetion, namely 5 RecxOA — 
14RqqzOAc+7 Rqx OAgc+ OAqqe=z 
RccxOG. For MO. MB :: OE. OK. and 
2 OK—OC=0G. The operation I leave 
to the Studious. 

Now becauſe the Radizs is put firſt, which 
in Multiplication and Divition alters no- 

thing, 


SY 
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thing, therefore in all theſe Equations the 
Radius with all its powers may be omitted. 
But by what artifice thoſe elaborate E- 
uations (in which there are not only three 
pecies equally aſcending in the order of the 
Scale) may be reſolved, tho it belong not 
to my preſent deſign to teach : yer what I 
have written many years ago, for the uſe of 
Right honourable and Learned Lord Aungier 
_ Baron of Longford , I ſhall willingly, 
with all poſlible brevity, communicate for 
_—_ t of the Students in the Mathema- 
tic 


Soli Deo Gloria. 


NOTES. 


Probl. 14.] After the Solution of this Proh. 
lem, be mentioneth another Caſe of it, and al- 
ſo propuſeth another Problem : For the other 
Caſe be gives the Theorem, but forbears the In- 
wveſtigation of it, and omits the Solution of _ 

of 
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other Problem, Both of theſe I will here ſet 
down at large. 
For that Caſe of this Problem, when the Ex- 
ceſs is in the greater Side thus. 
1. BE. BK : : BD," 5G: 
_ BDxBR—BFq__ 
T- =FG. 


BDxBK—BFq 
——————I=FC. B d 
3 -BÞ FC. Add BF, an 


there will be 


BD*BKi-BEq 3c. And 
2BF 


—pp3BD*=BK-+BEg 


2BF 
Beaſts 
6. BDx BK —2 BFxBD-+BFq=2BFxCL. 
7. BDxBK -2BF=:BD=2BF*x=CL—BEq. 
Therefore, 

8. BE—2BF. 2CL-BF : : BE. BD : : 
BK. BG. | 
For the other Problem, in which BG. BK. CL. 
are given, to find, &c. Thus, 


t- BG. BD : : Br, ®PB& 


X BG 
BGq=BDx«BK FRY 
2. BG =FG. 


=CL, becauſe 


_— 
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BGq—BDxBE —FC 


2 _ 2 
BD*xBK-+BGq__ 
+ ——_ 


3x BD—BK x 

. 2BGxBD ma BD—BGq_c<x. 

6, 2BGx BD—BKxBD—BGq=2BGxCL. 

7, 21BGxBD—BK*xBD=2BG*xCL-+BGq: 

8. Therefore, 2BG==BK. 2CL+BG : : 
BG. BD : : BK. BE. 

Prob. 22.] It appears, that A DC and DBC 
ave like Triangles, thus,FEC 1s the ſame Triangle 
with ADC. Now then, in the Triangles AFE, 
EDB, the Angle FAE=DEB. And about 
the Angle FEA, and BDE there are propor- 
tional Sides, FE. AE : : DB. BE. ( For 
"ris ſuppoſed, that AD. (FE) DB : : AE. BE.) 
And the Angles AFE, and EDB are Homoge- 
neal. Therefore the Angle FEA Angle DBE, 
and therefore DBC, and FEC, or ADC are 
like Triangles. 
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OF THE 


RESOLUTION 


O F 


Aﬀected Equations 


NUMBERS. 


I. H E manner of conſtructing an 
afteted Equation. Take, as 

you pleaſe, for B, 3: for Cq 16: 

for Dc, 125: for Fqq, 1296, &c. (it 15 no 
matter whether the numbers taken be truly 
figurate or no) and of theſe Coefficients 
let there be made a Quadrato-Cubick Equa- 
tion. Let it, being framed according to the 
latter analytical Table,be Lqc=-5BLqq+!o 
CqLc—'oDcLq+5FqqL=Gac, which in 
Numbers, putting L (the root) 47, ſhall be 
19c—15qq+160c—1250q+6480L= 
170324782, Or, the diſtinction of the _ 
eing 


+» p23 gut 
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being omitted, for 15qq ſay BLqq 3 for 
160c ſay CqLc; for 1250q ſay DcLq ; and 
for 648ol ſay FqqL : For it L be 47, then is 
Lq=2209: and Lc=103823: and Lqq= 
4879681: and Lq@=229345007. 


The Pratlice of this Conſtrufion. 


BLqq 229345007|Lqc 
1$x4879681] [—73195215 
Calc 156149792 
1 60X10382 3] |--16611680 
DcLq 172761472 
1250x2209 | | 2761250 
FqqL 170000222 
6480x47 | |_-_ 394560 

170304782 Gaqc 


2. Let there be propoſed any Equation 
whatſoever, ſupppoſe that now found, 
19c — 15q4q + 160c = 1250q + 6480] = 
170394782 z or the Numbers being changed 
into Symbols, 
__— TDi C. 
And if there were more Species of Aﬀe- 
&ions, conſequently they might be expreſſed 
oY Hee, Kqqc, Mqcc, Nccc, and fo on 
urther. 


3. Of 


| 
* 
(h 
l'0 


- 


_ - rg __—— 4 —- | 
PSBE en EE_—4 


” - V a > 
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2. Of the Root L, to be found out of theſe” 
there are two parts; namely, A the firſt (ide 
and E the ſecond , or any fide following, 
Wherefore L=A+{-E. and all the powersof 
L are equal to the hke powers & A+E: 
as Lq = Aq-+2AE-+Eq: and Le=Ac+ 
2AqE+3AEq+Ec, &c. 

He therefore, which defires to learn this 
numerous Reſolution of affeted Equations, 
ought to be very well verſed in the Geneſi 
and Analyſis of pure Powers. 

4- In the propoſed Equation, the Poteſtas 
reſolvenda, 15 vit. 14030472, or Gac, is 
Quadrato-cubick : of which kind alſo are 
all the other ſeveral ſpecies of affections. 
For Heterogeneals can neither be added one 
” another, nor ſubſtracted one from ano- 
ener. 

5. Wherefore in the ſeveral AﬀeRtions 
two things are to be conſidered; the degree 
of the Aﬀetion and the Coefficient. As in 
15qq the degree of Aﬀection 15 quadrato-qua- 
dratick, and the Co efhcient 1 5 is lateral: in 
166c the degree of Aﬀection is cubick, and 
the Co efficient 160 is quadratick: in 12509, 
the degree of Aﬀection is quadratick, and 
the Cacfficient 1250 cubick. Laſtly, in 
64801 the degree of Aﬀection 1s lateral, and 
the Coefficient 6480 quadrato-quadratick : 
as will evidently appear by comparing both 

Deſignations 
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the Deſignations of that Equation, And 
from hence ariſe two ConleRaries, for the 
Extraction of fingle Roots, 

6. The firſt ConleRary is, if the Root of 
the Co-efficient according to its own kind, 
drawn upon the degree of Aﬀection , be 
mult ono the Co-ethcient: the produt 
ſhall be of che ſame kind with the poteſtas 
Reſolvend : as in che fore-going Equation, 
if the fide 15 multiplied quadrato-quadra- 
tickly be drawn upon 15 ; and if 4/q1i69 cu- 
bed be drawn upon the Square 160; and if 
the /c 1250 ſquared be drawn upon the 
Cube 1250; laſtly, if /qq 6480 be drawn 
upon the quadrato-quadrate 6480 ; out of e- 
very one of theſe Mulciplications ſhall ariſe 
a quadrato-cubick Number. 

And this analytical Multiplication is the 
way of reducing any Coefficient to the Spe- 
cies of the (Power to berelolved or) Poteſtas 
Reſolvends, moſt uſual in the Extraction of 
the firſt ſingle Root. 

7. Whence allo it clearly appears, that if 
the Number arifing out of the Coefficients 
reduced after this manner and compared, be 
leſs than the Poteſtas Reſolvends, its fide alla 
is leſs than the 11de of the Poreſtas Reſolvenda, 
but if greater, *ts greater, and if. equal, e- 
qual. Therefore 1n this Equation, 1qc— 
1$qq-160c—1250qÞ+64801=170304782 
or 170304782 + 15q4q —162c+1252q — 

M 694 
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6480l=12qc, if both the Jateral co-effi- 
cient 15 and alſoy/q 160, and alſovc 1250, 
and laſtly, /qq6480, be Quadrato-Cubed, 
there ſhall come forth four Homogene Spe- 
cies of Aﬀedtions; namely 7593. ., $235. » 
1450.:, 0581.., which indeed is eaſily done 
by Logarithims, and accurately enough for 
the purpoſe. The manner of the Opera- 
tion 15 to be fetched out of the end of this 
Treatiſe, where ſome Rules are delivered 
concerning Logarithms, (See Se#, 27, to- 
gether with the end ofthis Treatiſe. 


Logarithems. Coefficients: 
1)2) 3) 4) the Dimenſions in the Coefficents 
I) gXxl, 17609 1599 
5, 88045 7$93-- 
2) 2, 20412 160C 
5x1, 10206: 12|65_ 
J, F030 —3238.. 
3) 3, 09691 1250q 
5x1, 03230-10 (B_ 
5, I6150 —»T1450 
4) 3, 81157 6480l 


9x0, 95289. 8| 99  —og81., 
4a 70445 In 


HK 4 


SQ AG _H»A,OmmmA = 


6, 


'} 
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In the Equation propoſed, the Species, 
according to their reſpe&ive Signs, being 
gathered into one Sum, there ſhal be 

170304700+759300—323800+145000 

—058100==1qC=1 70827100. 
Which may be done in like manner in other 
Equations. 


$. The ſecond Conſe&ary is; If the Pate- 
ſtas Reſolvenda be divided by the Coeffici- 
ent, the Quotient ſhall be referred to the 
ſamedegree of Aﬀe&tion ; that is, the Quo- 
tient ſhall be a fide, if the AﬀeRtion beun- 
der a fide; or a Square, if under a Square; 
and fo of the other degrees. 

As in the former Equation. If 170304752 
be divided by 15, the Quotient ſhall be 
Quadrato-quadratick; if by 160, the Quo- 
tient ſhall be Cubick; if by 1250 the Quo- 
tient ſhall be Quadratick ; if laſt of all, by 
6480, the Quotient ſhall be Lateral. Where- 
fore not always the Quotient, but moſt 
commonly its fide, according to the degree 
of Aﬀedtion, ſhall be the als {ide ro be 
extracted. 


9. In the Inveſtigation alſo of the ſecond 
{ide this muſt be obſerved, that as the num- 
ber of Figures in the Quotient is, ſo is its 
degree moſt commonly S; be valued, As 
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if the Quotient conſiſt of one Figure only, 
*tisa fide; if of ewo, a Square ; it three, a 
Cube, &c. And it the Quotient exceed 5, 
or 50, or 500, &c. It may perhaps be ex- 
tended to the following Degree, eſpecially 
in greater Aﬀections. And theſe are the 
Laws of Analytical Diviſion. 

10. Neither will it be neceſſary in this 
Multiplication and Diviſion, to run through 
the whole Poteſtas Reſolvend with the whole 
Coefficient, but only as far as the next con- 
gruent Point. 

17. For in the Reſolution of affected E- 
quations, all the punRations of the De- 
grees muſt be made in the Poteſtas Refol- 
vend; as they are in the Pure, thoſe of the 
higheſt degrees above, and thoſe of the 0- 
ther degrees beneath. 

The Coefficients alſo, each for their Spe- 
cies reſpectively are to be pointed. The 
-—_—_—_— of the former Example ſhall be 
thus, 

19c—15qq-Þ160c>1250qFo641tol 
=170304782 


12. The Number of Points ( eſpecially if 
the Coefficient be negative) ſhall regularly 
an 


on Oe am ew ea mn occ..ococ.c 
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in each kind be equal. Wherefore if the 
Poteſtas Reſolvend have more or fewer 
Points above it, than the Coethcient hath, 
let ſo many Noughts be ſer before the de- 
fetive Number, that the Points in each may 
be 2qual. And in extracting the ſeveral 
Sides, that Point of the Coefficient which 
is proper to that (ide, 1s to be ſet under the 
like Point of the Poteſtas Reſolvend : Which 
ſhall be well done, if the Unites place in 
the Coefficient be orderly ſet back, unto 
the lower Points of the Poteſtas, anſwering 
to the degree. 

13. If any Coefficient be a Fraction, or a 
ſurd Side, let it be reduced to Integers with 
Decimal Parts. 

14. And if it be needful to continue the 
extraction of the Root in Decimal Parts; 
you ſhall ſet down after the ſeparating Line, 
ſo many Noughts as ſhall be chought re- 
quifite, marking them in like manner with 
Points above and beneath. 

15. A Table ſhewing both the Diviſors 
aud Gnomons, for the tinding out the fin- 
gle Sides in- afte&ed Equations , colle&ted 
and to be continued out of the latter Ana- 
lycical Table. 

And note, that all the Species of every 
Coefficient are affirmative, if the Coefthici- 
ent itſelf be affirmative, and negative, it 
that be negative. M 3 For 
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For the 
firſt Side 


For the fingle Sides following, 
to make up the Gnomon. 


Aq 


—_— - - 
=: | E=Cq 


3AqE. 2AKq. Ec 
B2z AE , BEq » =Dc 


Cat . 


4AcE ., - 6AqEq., gaAtc .tqq 
BzAqEt. B3zAEg. BEc. _—__ 
CqzAE . CqeEq . TY 
DcE . 


FAqqE . 1oAckEq . ioAqtc. $AEqq . Eqc 

B4AcE , B6&AqEq . B4AEc. BEqq. 

CqzAqE. CqzAE. CqEc. —=Gqc 
DczAE . DcEq . 


FqqE . Oc. 
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16- The Dwiſors are every where taken 
out of thoſe Things which are given in 
Meaſure, being diſpoſed in their juſt Order, 
and added together, a regard being had to 


their Signs. 

17. It the higheſt Power of any Equation 
be negative, that Equation is ambiguous. 

18, The firſt ſingle Side may be extract- 
ed by theſe Rules, taken out of the two 
ConſeRaries, SeF. 6. and 8. 

Firſt, If the Coefficient, ſet in its right 
place, ſtand fo far backward that it ſcarce 
reacheth to the firſt point of the Poteſtas 
Reſolvend ; nor, being analytically reduced, 
make any notable mutation therein, it may 
in the extraQtion of the firſt ſingle Side be 
quite neglected. 

Secondly, If the Coefficient ſet in its 
right place, Rand forth very forward, and 

affirmative, it is to be devolved from 
point to point, until there be place for Di- 
viſion. By which Diviſion, the Quotient 


found , ſhall be referred ro the degree of 


AﬀeRtion. Which is alſo to be underſtood 
in the extra&tion of the leſſer Root of an 
ambiguous Equation. 

Thirdly, But if the Coefficient be Nega- 
tive, and confiſt of more Points than the 
Poteſtas Reſolvend, let the deficient places 
be ſupplied with Noughts prefixed, and for 
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the firſt ſingle Side, let the Root of the Co- 
efficient, according to the kind thereof, be 
taken. 

Fourthly, It on both Sides the Points 
be equal , and the numbers in the firſt 
Point, both of the Coefficient and the Po- 
teſtas Reſolvend, do not much differ. The 
Coefhcient being reduced (by Analytical 
Multiplication J unto the rank of the Po- 
teſtas, by 1ts Root of that kind for which 
it 15 pointed, extracted under the congru- 
ent Point; if it be negative, 15 to be added 
to the Poteſtas Reſolvend; if it be affirma- 
tive, 15 to be ſubducted trom it. For if 
AcTCqA=Dc, then Ac=Dc+CqA. But 
if the greater S1de of an ambiguous Equation 
be ſought, the Poteſtas Reſolvend is to be 
ſubducted out of the Coefficient reduced. 
forif there be CqA—Ac=Dc 

there will be Ac=CpA— Dc. 

Then the Root of the Sum or Difference 
{ball be the firſt Root to be extracted. And 
note, that the greater Side of an ambiguous 
Equation is found out ſometimes by Divi- 
fon ; ſometimes by extraction of the Root 
out of the Coefficient, but moſt common- 
ly by Reduction of the Coefhicient. 

19. And theſe Precepts being diligent! 
conhidered, that at length ſhall be the fir 
truc fingle Side, which firſt of all afford- 

ot 
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eth ſuch a Diagonal; which, together with 
the Coefficients multiplied, as the condition 
of the Equation requires, according to the 
precedent Table; and all being gathered 
into Sum, ( diligent regard being had to 
the Signs and Seats, or Places,) ſhall bring 
forth a number not greater than the Poteſtas 
Reſolvend, from which it is to be ſubducted. 

And it is to be noted, that a negative 
Number, how great ſoever, is leſs than e- 
very both affirmative, and lefſer negative. 

As —4 1s leſs than 1, and than —=+1. 
Alfo 'tis tobe noted, that Subdution chang- 
eth the Sign of the Number to be ſubdudt- 
ed : As out of 4 take 6, there remains 4—6; 
that is, —2+ And out of —4 take —6, 
their remains ——4*+6, that is 2. Laſtly, 
out of 4 take —6, their remains 4+6, that 
is 10, Wherefore in the exrraction of the 
firſt ſingle Side, ſome tryals muſt be made 
until you find out the true fide ; which 
you ſhall certainly know by the next grea- 
ter. 

20. In the conſtitution of the Diviſor, 
tor finding out the fecond Side ; the ſeat of 
the Coefhciene being drawn into any de- 
gree, muſt be ordered according to the 
Pun&ation of its proper Degree ; that 1s, 
the ſeat of the Coefficient under a tide, ſhall 
de diſtant one place cowards the left yy ma 

rom 
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from the Point or Seat of the Coefficient 
it ſelf; the-Seat of the Coefficient under a 
Square two places, under a Cube, three, 
&c. And to avoid confuſion, it will do 
well in the remainder of the Poteſtas Re- 
{olvend, to diſtinguiſh only thoſe PunRa- 
_ which ſerve for the preſent Extra- 
10n. 


21. Then the ſecond ſingle Side ſhall 
he extracted thus. Let the Diviſors of e+ 
yery kind found by the precedent Table, 
and diſpoſed in their juſt order, be gather- 
ed into one Sum ; and let the remainder of 
the Poteſtas Refolvend be divided by that 
total Divilor. 

For the Quotient conſidered (if need be) 
according to the Laws of Analytical Divi- 
fion, ſhall give the ſecond ſingle Side to be 
extracted. 

But in this Inveſtigation many times, e- 
ſpecially it the Aggregate of the negative 
dividing Quantities, be almoſt equal to the 
Aggregate of the affirmative, ſo that the 
Dwilor be much leſs than the remainder 
of the Poteſtas Reſolvend , there will be 
great lubricity ; which never the leſs the in- 
genious Analyſt will avoid, 


22. L&t 
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22. Letthis therefore be a perpetual Rule: 
That at length is the true ſecond ſingle fide, 
which firſt of all affordeth a Gnowon, con- 
fiſting of Complements of every kind, and 
Grnlcinnts multiplied (as the Condition of 
nant any. ſþall require) according to the 
precedent Table ; and all being gathered 
into one Sum, diligent regard being every 
where had both to the Signs and Seats; 
which Gnomon 1s not greater than the Po- 
teſt as Reſolvend; from whence it 15 to be ſub- 
ducted. Wherefore trial muſt be made, 
until the true Root be found 3 which alſo by 
the next greater ſhall be moſt certainly 
known. 

23. All the other ſingle fides after the ſe- 
cond, are molt eaſily gotten by ordinary Di- 
viſion. 

24- If the Aﬀe&ions be compounded of 
Afﬀfrmatives and Negatives, the foregoing 
Precepts are tobe uſed mixtly with skill and 
judgment : and in eſtimating the ſides a 
greater Aﬀection ſhall ever "ow down a 
leſſer. But frequent exerciſe both in the Ge- 
veſis and Analyſe of all forts of Powers will 
render theſe matters cafie and familiar, 

25.But becauſe I have ſometimes formerly 
ſpoke of a neceflity of Trials, which would 
be troubleſom in manifold AﬀeRions, and 
where the degrees are ſomewhat high, L 

a 


Tn 
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ſhall here, to cloſe all, ſet down two ways 
of eaſing that Trial. One by depreflion out 
of Chap. 16. Se 7, of my Clavs; another 
by the Canon of 1000 Logarithms. But in 
both theſe ways, if the Equation be ambigu- 
ous, all the Signs thereof are to be changed. 
Here alſo *tis to be noted, that a negative 
Number, how great ſoever, is leſs than every 
both affirmative and leſſer negative. 
26. To find the fingle fides by depreflion. 
If the firſt ſingle fide be ſought; in every 
ven Species of the Equation, cut off with a 
ſe rating Line all the points after the firſt. 
Then divide all the Species by the Lates, that 


is, depreſs them one degree. 


Examp.T. 19q—720+23 8600l=872 5815. 
This by depreflion is made 1c -+- 238| 6—7 
Rq=L) 872|5. If A be 4, then 4) $72 

| 5 (218|1, quit. 

And + 64+1238|6t15|2=187 | 4 
leſs than juft. —_ R- 

If A be 5, then5)872|5(194|5 uſt. 

And +125+238|6—180|0 =183|6; 
greater than juſt. 
| Therefore the true fide A=$z—1. that 
IS, 4 

Examp, 


og 


\s 
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Examp. I. Of an ambiguous Equation 
[c—3257|=—45744 This by depreſſion 
is made, 19-32 pt 7. 

If A be 4, then it ſhall be 4)—45| 7 (—11]4 


juſt, 

And + 16—32|5=-16| 5,lefs than juſt: 

If Abe 5, then 5)—45|7 (—9|1, juſt. 
And +2532 | 5 =—7| 5, greater than 

juſt. 

Therefore the true fide A=5=1 that is 4: 
If the ſecond fingle fide be ſought. In eve- 

ſeveral Species cut off all the points after 

the ſecond ; then divide all by the Square, 

that is, depreſs them ewo degrees. As in 

Examp- 1. 199q-——72c+238609|=8725815. 

This by depreflion becometh 1q--L)2 38600 

—72]|=Q) 8725815. 

If A be 47, then 2209)8725815(3949. juſt: 
And 2209 + 5977 =3384=;896. leſſer 

an juſt. 

If A be 48, then 2304)8725815(3787. juſt. 
And 2394+4971 -3456=3819. greater 
an juſt, | 

Therefore the true {ide is, 48-1, that is, 


47. 
27. To find the ſecond ſingle Side by Lo- 

garithms. 
The Index of every Logarithm is taken 
put of the Table in the beginning of the Cla- 
Vi, 
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ww, according to the diſtance of its firſt Fi- 
gure, before or after the Unites place, the 
Index whereof is o. Therefore the ſame 
Figures diſpoſed in the ſame Order have the 
ſame Logarithm. But the Indexes may be 
diverſe, as of the 436, the Logarithm 1s 2, 
6394865 z but of the number 43600, the 
Logarithm 15 4, 6394865 z and of the num- 
ber 4|35, the Logarithm 1s o, 6394865 ; 
laſtly, of the number © | 00436, the Loga- 


rithm 1s 3,6394865. 

The Sum of two Logarithms is the Loga- 
rithm of the Produc of their Valors : and 
their difference 15 the Logarithm of the Quo- 
tient, as becauſe 4|36x9=39 [24, the Lo- 
garichm of it 1s, 1, 5937290 =0, 6394865 
-+0, 9542425 ; and becauſe 9)39 | 24(4 | 36: 
the Logarithm hereof o, 6394565 = 1, 
$937290—0, 9542425 : the Logarithm of 
the {ide drawn upon the Index or number of 
dimenſions of any Poteſtas 15 the Logarithm 
of the ſame Poteſtas. As becauſe of the 
number 436, the Logarithm is 2, 6394865, 
itſhall be that 2, 6394865x2=Log : Q: 436. 
And 2, 6394865x3=Log: C: 436. And 
2, 6394865x4=Log: QQ. 436, &c. 

The Logarithm of any Poreſt as divided by 
the number of its dimenſions affordeth the 
Logarithm of its Root. 
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If, in a continued Series of Geometrical 
Proportionals , the Logarithm of the firſt 
Term be taken out of the Lageiien of the 
ſecond, the remainder ſhall be the Loga- 
rithm of the Ratio. Which, if it be drawn 
upon the number of all the Terms wanting 
one, (which is the number of Ratio's) and 
then be increaſed with the Logarithms of the 
firſt Term ſhall be the Log.of the laſt Term. 

28. And let this ſuffice concerning the 
knowledge of Logarithms, which being un- 
derſtood, the following Examples being d- 
ligently inſpe&ed will make the reſt of the 
work eafje, In which alſo all the punaa- 
tions after the firſt are to be cut off by a ſepa- 
rating Lane, 


Examp.I. 199q—72c+238600l=8725815. 
juſt, le: the ewo firſt ſingle ſides be, Jorg 


p N | — 72| [4238600] 
47: 1,67209/5 x g _——— 
+ +2 — 
6,68839] Bz—_=— 
QL 6,87362 #7,04977 
+4889 7475 +1213 


And 4880 -+ 11213 = 7475 =+8618 [eb 
than jult. 


48, 
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48. 1,68124[1 1,65733 $,37769 
Cu. 5,04372] $,04372 1,68124 
QUQs6,72496 6,99105 7,05591 


+5308 —7963z +1455 


And $308 + 11455 —7963 = 48800 : 


greater than uſt. 


Therefore the true root ſhall be 48—1 that 


IS, 47. 


Examp. Il. 1C—3257 I=457 juſt, 
Let the two firſt fingle fides be, ” 


(3257 
48. 1,68124]1 351282 
Cu. 5,043721 1,68124 
1106 

5$,19406 
—1563 

1106 —- 1563 —=— 457. lefs than 

juſt (at leaſt not greater.) 

49. 1,69019|6 3,51252 
Cu, 5,070591 169929 
1176 $,2030Y 
— 1596 


; | I 17961 596 =—420, greater 


than juſt. 


Therefore the true Root ſhall be 49—1, 


that is, 48, 


The 


As kw cc. ow 


I, 


he 


Aﬀetted Equations: 177 

The ſecond fide may be ſought by Loga” 

rithms, depreflion alſo preceding, as in Ex” 

amp. V. 19q —1245 [00g =089726256- 

Which by quadratical deprefſion becomes, 

1q-—1246=Q) $972 |6. Suppole the two 
firſt ſingle fides. 


i 153148 (8972|6| 
, 23,0629 
3195537 
#1156 3,06296 
0,89141: Valor 979. juſt. 
T-1156—1246=—90. leſs than juſt. 
36. 1,55630|7,95337 
3,11260|3,11260 
+129610,84077: Valor 6|93. juſt. 
+1296—-1246=—-50 greater than juſt 


Therefore the true Root falleth between 34 
and 36. 


Thus have I, in XXVIIL Sections or 
Precepts (which 1s a perfet number ) dil- 
patched the Dorine of the Reſolation of 
Aﬀetted Equations, by the Afliſtance of God 
the giver of all good things. Hws therefore be 
all the Praiſe , Honour , and Glory for ever. 
Amen. 
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Some Examples of Equations reſolved 


in Numbers. 


7 here forbear to touch the Analyſis of | 
Quadratick Equations, and of all other, 
which conſiſt of three Species equally 
aſcending in the order of the Scale : becauſe 
in Chap. 16. Se#.9. Clavs, a more eafje way 
is taught than this general Method; and 
proceed to Example. of Equations otherwiſe 
affe&ed. 

Laſtly, In the end I ſhall ſet down ſome 
Notes, in which the Reaſon of the Opera- 
tion, in the Inveſtigation of the ſingle tides, 
ſhall be opened out of the former Precepts. 

[ will begin with the Reſolution of that 
Equation , the Conſtruction whereof you 
have in the beginning of this Treatiſe. 


19c—15qq FIi60c—1250q +6480= 
170304=82. 
that is, Lqc-BLqq4+-Cqlc—DcLq-|-FqqL 
=Gqc. 


DcLq-FqqL=Gaqc. 


Aﬀeted Equations. 
Example I. 

19c —15qq-]-160c —1250q-o06480l= 
17030304782. that is, Lqc—BLqq--Calc 


1703 04782 | (47 
3 7 —B 
1250 —Dc 
1 69 Cq 
64% JFqq 
1024 Aqc 
102 49 CqAC 
25929 ſFqqa _ 
11289920 
3540 —BAqq 
20000 _|—DcaAq 
—= 425000 __ 
__ 7249920 [Ablarit. 
Re _—_—_— 
1289 '5 Aqq 
6 40 toAc 
1160 10Aq 
20 5A 
7.689 Cqz Aq 
19292 (Cq3t 
160 'Cq 
6480 {| 
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-+142|50040, 
38140 {—B4Ac 
11440 {—B6Aq 
240 |—B4A 
15,—B 
1/0000 |——-Dc2A 
Bet 5... 6s — HEWD 
—4087665]______ 
+101 62375 Diuiſor 
dg6'o SAqqE 
313160 toAcEq 
54880 [1oAqEc 
48020 |5AEqq 
16807] Eqc 
53/160 |CqzAgqE 
914080 CqzAEq 
* 880 CqEc 
4536 
—F1333 62047] 
26850 SE 
701560 |—Be&Aqtq 
bo 2320 —B4AEc 
3601 5'— BEqq 
710000 '—Dc2 AE 
61250 —DcEq 


365152455 
195582 


Ablaitt. 


Example 


Aﬀedtted Equations. 


Example Il. 


1c-1-420000l=247651 71 3. | 
That is, Lc+CqL=Dc, 


247] 651] 713] (417 
42] ooo © |Cq _ 
64 Ac 
168| 000] o |CqA 
232] 090] o |dblatt. 
Be 15] 651] 713 
4) 5 z3Aq 
12 1A 
4] 200] oo | Cq _ 
gf 120] 09 |Drviſor 
s 3AqE 
I2 ;3AEq 
I Ec 
200] oo |CqE 
Ablatit. 
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Be C5 30,71 ] 


_— 2 2 55. 3 o\Diviſor: Oo 
i - 2 Ol 3AqE 16181 
| 602'7 3AEq 


| +1443] Ec 
219 4 90 00/CqE 


——  — — —— 


65307 | 2/dblarir. 


Example IL 


1c-+1207q = 247 617936, 
That 1s, Lc-1 -BLq=Dc. 


24761 7936 (417 


roo7 |__| 
4. 2 ep BAq 
225/12 | — Jon 
Ra 2/49 7936 
hg WB 
er 8 


| F 
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_ 131076 [7 |[Diviſor. 


4/5 [zAQE 
[2 3AEq 
I Ec 
$1056 BzAE 
too |} |BEq 
1377 |” |Ablatit. 
R 91422 [236 4 | 1 
504 13 ſzAq 16 
1 |23 |3A 5 
825 [74 |2BA = 
1107|B 161S1 


11332 [277 |Diwviſor. 
31530 | |3AqE 
60 [27 |3AEq 
343 | Ec 
5/780 [18 |B2AE 
49 1343 |BEq 


go [230 [dblatu. 


N 4 Exams. 
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| —— 


Example 1V. 


199—442990051=22252086 | 
Lqq—DcL=Fqq. 
oj2225]2286 (345 
—44\2990Þ5 |—Dc 


+81 Aqq 
—132]5970i5 —DcA 
—1 $970]ll5 | Ablartt. o 


—  —— —  ———  —=— 


—— —— — _ 
— — — 


R 52 1195]3556 


108 4AC 
54 6Aq 
TI 4A 
BB A 
_—_ 4299005 —DC > 
6192299995 _ \Drozſor. = 
oa s) [4ACE 
- 6AgEq 
_ | 4AE 
7 AF... 
+69 0525 KG 
149 525 —Dct 


—_—P = 


="Tabaneb7s "es. 
Rg 
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R 5 
JE: 
+5 


22653836 


2 98] 


206x| 


= 295|'/iviſor, 


24536] -iblatit. 


=Faqq. 


Example V. 
199—124600q=089726256, Lqg—CqLq 
o[8972/6256| (354 
—1214600 —Cq 
+81 Aqq 
—112|1400 ——CqAq 
—31|1400| \Ablatit. 
== = — —— = = 
R 32þz726256| 
108  tyAc 
54 6Aq 
ere 77. 5; WR , -_: 
—ON 
7 4769P P—Cq2A 
— RR — 
——\bootſoo | 


T3 


x36 


EEE rre———— 
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+3]: 514/09 _|Diviſor. 


3418 4AcE 
x13|s© 6AqEq 
11500 4AEc 
625 Eqq 


i 800|Div1iſor. 


6256|Ablatit. 


+3 4587 


— - Ne EE Ee 


Exatuple VI. 


199 349C=62 10660 96 
Laq—BLF9q 
61210611096] (354 


+81 | Aqq 


ms} cnn rr——_— 
— ©\BO | \Ablatite 


CC 


Ri7 
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R 170 106/6096 
108 4AC 
54 6Aq 
—1y 4A 


Fiila5s 


9.180 E- —B3Aq 


3060 —B3A 
———— 
—m48-140 
+1 0 26'd _ Diwviſor. 
54,9 4AcE 
13/50 6AqEq 
1,590 4AEc 
625, [Eqq - 
Þ+59/062 5 


49200 Bad —B3AEq 
716500/ —B3 AqE 
___ |42500 


Example 
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Example IL 


199q—77108000|= 985539576, Lqq—DcL 
=PFqq- 


0575 (426 


—Dc 


oO 


84 


| u— _— 


Aqq 
oo — —DcA 
00 0 Ablatit. 


[| ==== 
0576 


4Ac 
6Aq 
4A___ 


7105, 


oo0 —Dc 


8652000 Diviſor. 


2 R 


128 
16 


1696 


6 7 a 


4216 


---DcE 


O00 


7480 


000 | Ablatit. 


74085 


Riz 


| 
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R 13]5393|0576 


E. 
T13 


3200|—1 £=46577 An ambiguous Equa- 


2030| 4080| Diviſor. 
$393|0576 Ablatit. 


Example VIII. 


CqL—Lc=Dc. 


46 


577 | 


—  — 


00 | Cq 
—ACc 
CqA 


00 


Ablatit. 


7 as 
— 
[2 —A 


200 |Cq 

720 |Diviſor. 
5 [|—-3AqE 
$8 —3AEq 
343 —Ec 
$23 


21400 'CqE 


423 \Ablartt. 


000 | 


tions 
(47 Greater Root. 
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oo ICqA - 


Example IX. 


zzool—Ic=46577 


Ablati. 


Drviſor. 
2AqE 
zAkq| 

—EC | 


_CqE 
Ablatit; 


[1 $7_ Leſſer Root. 
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952 ooo | 
745 107 \Ablati.. 


R 61206 [893 oooh, 


11 
Example X. \f 


$I = 3254 An Ambiguous 
BLq=Lc=Dc Equation. 


T 154 | (49 Greater Root. 


513 |B 
—64 — AC $ 
84 BAq If 


Ablatit. 
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627 Drviſor. 

6 (|F3AqgE 
$85 —3AEq 


« x _. .  #\ CO 
——71546 "\Ablatit. 


— OO — — 


CERES wonrnrn—_— __— 


Ro jooo | 


———— 


Pe  E——— 


E xample XI. 
539q—1C=13254 
13254 |__(20]06 Leſſer Root. 


5 


21 2 BAq 
FE | . — Ablat it. 
4 - 


R | | - ya MO | 


—L 2 ooool —3Aq 
' l— 0 00. —_ \ 
— — _ 
—12.06 _ 

21 200 'BzA 


EE. 
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199 [30 


Dtiviſor. 


000 Oo 
159 00 
125 


it50 125 


000 
132 5 


1132 \'S__ 


982 [375 | 


_|—3AqE 


—AEq 
—Ec 


BEq 


Ablatit. 


| ——— 


'o17 


oy 


O00]&C. 


BLAE 


«+ 
-_—_ 


93 


—_—___C___— 


Example XII. 


60034l—1 01023 763 
CqL—Lc=Dc. 


es Tong. 768 


—blooz 003 14 


+12 2/006 '8 


R-- K-28 gz 


"\ 6 


© --1 Ablatit. 


( 236 Greater Root. 
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—1/26 

__-600 [34 

__—659 |66 |Diwviſor. 
36 —3AgE 
54 —3AEq 
_27]___|—Ec 

—4167 

4-101 ſoz |CqE 

—2 365 [95 [Ablatit. 


— 


R —617 bogs E” 
____=96[366" \D;w3/or. 
6197 [052 |Ablari, 


Exaniple XIIL 
60034Þ=1c=1023768 


1 023 (768 | 17 [125 Leſler Root, 
___ |600 34 Cq 
mm —Ac 
__ +] 60924 | CqA 
T1599 [34 |Ablarir, 
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R 1434 [428 | __ 


| 


——— —— 
oe 


| 59/704. 504 \Droifor 
Ba t j—3AgE 
—3AEq 
A [—Ec 
—3/913 | 
; -1-1420 [238 |CqE 
+[416 | [32 5 \4blatit. 


Rs] 102 [000 
J16 19 [Diviſer. 
61016 189 | Ablart, 


— — ___ 
— OOO OS ___—— RO ___—_—_ — — __ ._—__— 


R 21086 Bir 000. 
591 1562 57 57 | |Dwviſor, 
11775. 1556 903 | Ablati 


— ——— —  _-_— — 
OO —_ —— 


Rh|z1r '254 9097 '0O | 
39 "153. 153 637. » 1, af 1 |Diviſor, 
295 295 1767: 161 325 25 |Ablatis. 


R 15/485 936 315 |aoot&e 
O 2 Examply 
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Example XIV. 


199—72c4238600l=8725815 & 7056 
Lqaq—BLc+DcL=Faqq. 


$72 Jugs [Eog6 (4716 


o\ T; 
O 
O 
&T| 


4-238 


9541490 IDcA 


—_—. 


3 
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_—3514312] 
+1 _+15|048 Diviſor. 
1792 4AcE 
4704 |6AgEq 
5488 4AEc 
2401] Eqq 
167 0200 DcE 
+398. _ "BW 
24192 j—B3Aq 
24696 —BEc _ —BEC 
—2867256____ 
1122625 Ablatit. 


— 


— 


—_—— 
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— 


R 107190|7056 


.; 7698 808 |Diviſor- 
1071997056 | Ablatis. 


Example XV. Of Triſedion. 
ql--1c=1 [258640782100 CqL—Lc=Dc, 


LY 0 '6 o 182 1 (014469 
Net : +. nd Subtenſe. 
—— Gr.26» 
+112 
l Oz R 
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R 122 640 
4s —3Aq 
12 3A 
= Cq 
25 lo8 Diviſor. 
| 19 —3AqE 
ig —3AEq 
_|_64=E6 
—211154 , 
+2 —CqE 


417 [$8 Diwviſor, 
211665 [151 |d4blatito 


r 2/159 [531 [roo | w 
ory 239 1526 [23 |Diviſor. 
2/154 [585 [For |Ablatir. 


R | | ogþo45 [599 00 


Exampl: 
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Example XVI. Of QuinquiſeFion. 
1qc—5c+5 I=1| 1 471 52872702092 

Lqc—CqLc+FqqL=6Gac. 
14715 28727 [02092 (012437 


—5 —Cq_ | Gr. 14: 


—40 [CqAc 
96032 jAblatit. 


8683 | 23927 | 

8/0 5Aqq 

%o 10Ac 
40 1oAq 

[0 5A 


O 4 T4 


Ry A, 
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[45-4375 3410 Diviſor. 
33 [0 SAqE 

460 jroAEq | 
| 2 [500 [ioAqtc 

5 AEqq 

1 024]Eqc | 
20 FqqE 

[20029 [5262 
T 240 T_CazAge 
| 480 —Cqz3AEq 
22 ÞO CqE 


171279 [52624 Ablaiie. 


414 [3122 Dviſor. _ 
1242 55012109445 Ablatit. 
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Notes on the preceding Examples. 


N the Examples of Se#. 26 and 28, I call 
| that a juſt Number, which ariſeth from 
the Application of the Poreſtas Reſolvend, to 
the degree of the ſuppoſed Side, by which 
the Deprefiion is made. For this 15the Mea- 
ſure unto which the other Species being law- 
fully aggregated ought to be equal. As in 
Exam. 1. © Set. 26, 1c+F238 [6—7 | 2q= 
L)S72 | 5- if for the firſt fide be ſuppoled 5 : 
ought to be C:5:+238|6—7|2 Q:5:= 
872 | 5 divided by 5: that is, 125-+238|6— 
(7|2 *« 25) 180, namely, 183|6, equal to 
174] 5 juſt. But it is greater, and therefore 
the true hde is leffer than 5. Therefore 
ſuppoſe it again 4: and try whether C: 4: 
+238 |67|2 Q: 4: be equal to 872 |5 & 
vided by 4. 

But leſt that in theſe Examples, as alſo 
in the following, theſe Trials be undertaken 
meerly at adventures, I ſhall admoniſh the 
Reader, 

Firſt, 1t the Homogene Pore/tas of the 
{1de extracted exceed the Poreſtas Reſolvend, 
or if the Quannties increaſing the Poreſt as 
Reſolvend excted thole thac diminiſh it :; che 
true {ide A ſhall be, tor che moſt part, Jefs 
than jthe ſide extrated ; bur it otherwiſs 
greater, as 1n_this Equation, 6 


IC 
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1c-+260000|=1809z31713. 

Secondly, If the Diviſors under the ſame 
Sign wich the Remainder of the Poreſtas Re- 
ſolvend, exceed thoſe that are under a diverſe 
Sign ; the true Side E ſhall be, for the moſt 
part, leſs than the Quotient ; but if other- 
wiſe greater, as 1nthis Equation, 

15681 —IC=21952. 
The ſame alſo happens in ambiguous Equa- 
tions, when the Remainder of the Poteſtas 
Reſelvend, is affirmative ; as 1n this Equa- 
tion, SY 

67681]—1c=21 4273. 

The Solution of theſe three Equations ſhall 
be ſhewed in Practiſe after the Notes. 

Thirdly, It, after theſe Momits, there yet 
remain any doubt, the Trial ſhall moſt con- 
vemiently begin ar 5, and from thence the 
Inquifition be continued by odd Numbers ; 
whethether it be done by Depreflion, or by 
Logarithms. 

Theſe things being premoniſhed , it re- 
mains, that we diſcuſs the Examples them- 
ſelves. 

For Example 1. V/qct703 15 4+ by SeF, 
18. Rule 1, tor as appears from Setf. 7. 1n 
the firſt point there 15 no great Mutation 
made by the Coefficients analytically redu- 
ced. For which rzaſon, the true fide A 
thall be 4. | The 
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The true Side E is leſs than the Quotient 9, 
becauſe the Diviſors under the 1gn+( which 
is the Sign of R) exceed thole that are un- 
der the Sign —. 

For Example 2: 42) 247 (6— by Set. 18. 
Rule 2. for 42 analynically reduced, by Se. 
6 and 8, becomes 252: greater than 247. 
And the true Side A 1s lefs than 6, becauſe 
C: 6— exceedeth 247 | 6. 

For Example 3. 10)247(24+Q: 5 : by 
Sei. 15. Rule 2. 

For Example 4. Vc44 | 3 is 3-)-, bySe#.18, 
Rule 3. Wherefore the true Side A is 3. 

The true Side E 15lels than che Quotient 
8—, by Monit 2. 

For Example 5. V/q12 | 4 is 3+}, by Se. 
18. Rule 3. Wheretore the true tide A 15 3. 

The true fide is leſs than the Quotient 9—, 
by Moni 2. 

For Example 6. The Lateral Coefficient 4) 4 
mulriphed Quadrato-quadratickly, and in- 
crealed with 62, becomes 149, 2 2 3, by 
Sett.18. Rule 4. Wherefore the true hde A is 3, 

The truefide E, isleſs chan the Quotienc 
9—, by Monit 2. 

For Examp. 7. V<cj7 15 4, by Sed. 18. 
Rule 3. Wherefore the true fide A 1s 4. 

For Examp.S. V/q432 is 5/65:upon 32 is 180/'3 
mi 46/5; remains 144, C: 5. by Set 18, Rul.g, 
But 144 exceeds 46/5. Wheretore thetruc 
ſide A is leſs than 5, by Monit. 1, The 
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The true Side E is leſs than the Quotient 
Io, by Monit 2. 

For Example 9g. 11.13: The Solution is 
eafte by Diviſion, according to Se#. 18. 
Rule 3. 

For Example 10. C:5 : is 125, mi 13. 
there remains 112, C : 5—: by Se&, 18. 
Rule 4. But 112 exceedeth 13. 

Wherefore the true Side A is leſſer than 
5, by Monit 7. 

The true Side E is leſs than the Quotient 
12, by Monit 2. 

For Example 12, Y/q6 1s 2+, upan 6, 
hecomes 12 m11. there remains 11. C: 
2/50, by Sed. 18» Rul: 4. but 11 exceedeth 
:, Wherefore the true fide A isa little leſs 
than 2+, by Monit 1. 

The true Side E. is leſs than the Quo- 
tient 5—, by Mont 2. 

For Example 14. QQ: 7] 2 : is 2687, 
And y/c238|6 156 |2, whoſe QQ ts 
--1480. Then —2687+1480=—1207 : 
This added to 872, giveth 2079, QQ: 6 
+ by Se#. 18. Rule 4. And becaule the 
AdjeRitious —2687 is greater than the Ab- 
latitious +1490. Therefore the true Side 
A ſhall be lefs than 6, by Monit 1. 

The true Side E is leſs than the Quotient 
9, by Monit 2+ 
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For Example 15, 16. Becauſe in both the 
leſſer Root of an ambiguous Equation is 
ſought, and the Coefficients reduced do not 
hinder, the Analyſis ſhail be made by Di- 
viſion, according to SeF, 18. Rule x. 

The Prattiſe of the Example in the firſt Monit. 

1c+26|0000=180931713, 
180|g (4 the fide A 
26]9_ Cq 
vVaq26 is 5, upon 26, becomes i130. Let 
it be taken out of 180, there remains 50, 
C: 3+: which is leſs than 180. Where- 
fore the true fide A is greater than 3. 


The Prattiſe of the former Example in 
#he ſecond Monit. 


156gl-1c=21952 
> 1(28 the two firſt Sides. 
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The Sign of RK 15 —: but— 1126 isleſs 
than + 1/568. Wherefore the true e tide E 
is greater than the Quotient 4. 


The Pradiſe of the latter Example in the 


ſecond Prattiſe. 
65631—1c=214273 
214/273 | (47 | 0D 
6768 2 | TheSignof R is +. 


—64 |—AC | But the Diviſor made 
+2-0/72 |CqA | up of the Degrees of 


Fog |dblart, a Negative is leſs than 
+7 


the Coefficient Divi- 
'53 - | for Afﬀirmative,that is, 
—4/92 15 leſs than + 
6/768. Waerefore the 

true Side E ſhall be 
_46768 _ greater than the Quo- 
AT-11848 [Divi/or tient 4. 

In Se&. 27. I have briefly handled the 
Do&rine of Logarithms, but clearly enough, 
eſpecially for the three former Specics of 
Numeration , wiz. Addition , Subduttion, 
and Multiplication. 

The Operation in adding or ſubſtracting, 
if the Indexes are Afermative, doth noth- 
meg differ from the common way of Integers, 
and bur a little it they be Negative; as ap- 
2eareth fromtheſe Examples. The 
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The In-) 13. 1,11394 15. 1,176cg, 
vention of 15, 1,23045. & 32. 1, 50515 
FraQtions \ Lyg. 1,88349. Lo. 1,67194 
Addition. "te 
To x, 83349. Out of 1, 88349 
AddQ7,, 67194. Take <1, 67194 
Sumy;,, 55543- Reſts £o,21125 
Multiplication. 
Of the Side 0[0064. Of the Side 6| 0064. 
ITY 8061 4. 2x3,82614 
Cube 7, 41824. - Square 5,61 3225 
The Difficulty of the Diviſion of a Lo- 
garithm _— negative Index, by 2, 3, 
45,&c. confiſteth in the Inveſtigation of 
the Index of che Quotient : For which pur- 


pole this Table ſerveth. po 
Diviſors. 2) C1. 2 r 
3 <2 
5. «3 
7: Bs 
44 8. 
_*2 8 3; 
4) ; $2 23+ 41 
_*5. & 7. $ 
i 2 +4 5ſt 
5) 7G 7. 8.9. 1c], | 
40.30.20. 10, c| | 


BE 
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In this Table the Diviſors are towards 
the. lefe Hand within the crooked Line. 
Then towards the right Hand follow the 
Negative Indexts of the Logarithms to be 
divided, - - | | 
To theſe in each ranck fland Collateral, 
the Negative Indexes of the Qnotrents. 
But the Numbers which are written be- 
neath. o. 10, 20. 30. 40, ſhew the Numbers 
to be added to the firſt Figure of the Lo- 
arithm to be divided, whoſe Negative In- 
So is found above in the ſame Column near 
the Diviſor. As, if the Logarithm 5, 41842 
be *o be divided by 3, ſeek 7 by 3 ) and 
there ſhall be. given 3 Collateral, for the 
Index of the Quotient ; and the number 
20, beneath, which added to 4, the firſt 
Figure of of the Dividual makes it 24, in 
which che Diviſor 1s $ times contained. 


D:ws/ion, 


2) $,61228; 


3) 7,41842- 3: 
Side 4, 80614, 


Side 3, 80614. 


THE E ND. 


